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S  the  Reader  in  perufing  the  following  Sheets , 
will  find  the  great  Advantages  which  arifefrom 
the  SubjeR,  it  will  be  unneceffary  to  Jay  any  Thing 
here  in  Recommendation  of  it ;  Therefore  what  1 
have  to  fay  concerning  the  Work,  muft  be  of  the  De- 
and  the  Manner 

\ 

The  Defign  then  is,  to  explain  in  the  moft  eafy  and 
ocncife  Manner ,  fo  much  of  the  Silence,  as  may  en¬ 
able  young  Gentlemen,  or  Men  of  Bufinefs ,  to  form 
a  general  idea  of  the  Elements,  or  Rudiments  of 
it :  Experience  in  my  Profeffton  has  convinced  me 
that  few  defire  more ,  or  will  give  themf elves  the 
Trouble  to  form  a  critical  Notion  of  every  Part  of  it . 
becaufe  they  muft  contend  with  voluminous  TraEts 
which  contain  many  abjltrufe  mathematical  Reafonings , 
that  require  a  previous  Knowledge  of  the  Elements 
of  Euclid ,  Conic- Sections,  Algebra ,  qnd  Fluxions : 
And  indeed  a  general  and  concife  Defer ipt ion  or  Ac¬ 
count  of  any  Art  or  Science ,  is  heft  adapted  to  anfwer 
the  Views  and  Ends  of  the  great  eft  Part  of  Readers . 


of  it's  Execution . 


As  to  the  Execution  of  the  Work ,  the  Subject  is 
for  the  moft  Part  illuft rated  by  Experiments  that 
carry)  with  them  Evidence ,  fufficient  to  fatisfie  the  moft 
curious  Mind ;  There  are  fome  Geometrical  Demon- 

ft  rat  ions. 


Preface. 

firations ,  which  if  the  Reader  would  underjland, 
will  require  the  Affiftance  of  Euclid ;  but  as  theft 
are  only  a  few,  they  may  be  pajfed  by,  by  fuch  as  are 
ignorant  of  Geometry,  taking  the  Premises  of  the 
Proportion  for  granted.  The  other  Reafonings ,  where 
neither  Experiment ,  nor  Mathematics  can  be  intro¬ 
duced,  it  is  hoped ,  will  be  found  to  be  fufficiently 
Evident. 

9 

In  drawing  up  this  Courft,  I  have  not  fcrupled  to 
take  whatever  1  judged  might  heft  anfwer  my  Purpefts, 
from  the  heft  Authors . 

I  will  not  pretend  to  fay  how  far  I  have  fucceeded 
in  my  Intention,  by  rendering  the  Subject  clear  and  evi¬ 
dent  ;  this ,  no  doubt,  will  beft  appear  to  the  Reader : 
But  ftoould  it  prove  fo ,  and  be  a  Means  of  exciting 
a  Deftre  in  any  to  profecute  the  Subject  farther ,  my 
ultimate  F/ifhes  will  be  crowned  with  the  defir ed 
Succefs . 

Dublin  May,  ioth  1755, 
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Experimental  Philosophy. 


chap.  i.TOWERS 


Of  tbs  Properties  of  M  atter, 

SINCE  Natural  Philofopby  is  not  only  the 
moft  pleafing,  but  the  molt  ufeful  Science 
for  the  Eafe  and  Convenience  of  Life,  it  is 
no  Wonder  that  Men  in  all  Ages  have  em¬ 
braced  the  Study  of  it.  The  numberlefs  Im¬ 
provements  it  has  received  from  the  Philojophers 
of  the  laft  Century,  by  betaking  themfelves  to 
Experiments  and  Obfervations,  far  exceed  what  the 
Antients  could  ever  arrive  to,  from  the  Meafures 
they  purfued  by  fetting  out  upon  Hypothefes  or 


B 


Sup- 
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Suppofitions,  fo  that  what  was  in  the  ntmoft  Ob* 
fcurity  and  Confufion,  is  now  rendred  clear  and 
evident ;  and  this  for  the  mod  Part  is  owing  to 

the  Difcoveries  of  the  Great  Sir  Isaac  Newton, 
To  illuftrate  fome  of  thefe  Truths,  or  to  account 
for  the  Appearances  of  Nature  from  Experiments, 
in  an  eafy  and  familiar  Way,  is  the  Defign  of  this 
Courfe  :  In  order  to  which  it  will  be  necedary, 
firft  to  confider  the  Properties  of  Matter . 


fj/  By  the  Word  Matter ,  we  underdand  every  Thing 
7/1  hat  has  Extenfion  or  Bulk, and  that  redds  theTouch-, 
/  or  it  is  that  which  we  call  the  Subdance  of  Things, 
or  that  of  which  all  Things  do  confid  under  dif¬ 
ferent  Forms  and  Modes. 

^fefc»The  Properties  of  Matter,  or  Body ,  are  either 
jtniverfal  and  common  to  all  Bodies,  or  accidental 
fand  peculiar  to  fome  only. 

The  Principal  of  the  univerfal  Properties  of  all 
Bodies  or  Matter,  are  thefe.  i.  Solidity .  2.  Di~ 

vijibility ,  3.  Inactivity,  and  4.  Gravity.  And  of 

thefe  feverally. 


I.  Solidity  is  that  Property  of  Body,  which  ex* 
eludes  all  others  out  of  the  Place  it  podefleth  ;  for 
no  two  Bodies  can  poffibly  be  in  one  and  the  fame 
Place  at  the  fame  Time,  for  every  Particle,  of  Mat¬ 
ter  is  impenetrable,  Hence  the  Matter  of  the 
fofteft  Bodies  is  equally  folid  with  that  of  the  bar  deft  : 
Thus,  a  cubic  Inch  of  Water  will  be  no  more 
comprefled  into  lefs  than  a  cubic  Inch  of  Space, 
than  will  a  cubic  Inch  of  Iron  or  of  Adamant. 


II.  Divi - 
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II.  Divijibility  is  a  Property  of  Matter  which 
follows  from  the  laft *,  for  fmce  no  two  Bodies? 
or  Particles,  of  Bodies  can  poffibly  be  in  one  and  f\ 
the  fame  . Place  at  the  fame  Time,  they  muft  exift 
in  different  Places  ;  and  fo  may  be  confidered  as 
diftinft  and  feperate  from  each  other,  and  there¬ 
fore  to  be  divided.  The  actual  Diviftbility  of  Mat¬ 
ter  will  appear  very  furprizing  from  the  following 
Experiments. 

1.  If  an  Ounce  of  Silver  be  gilt  with  8  Grains 
of  Gold,  it  may  be  afterwards  drawn  out  into  a 
Wire  13,000  Feet  long,  which  fhall  be  fo  clofely 
covered  with  Gold,  that  the  Silver  cannot  be  feen 
with  the  belt  Microfcope.  Hence  we  may  eafily 
find,  that  one  Grain  of  Gold  may  be  aflually  di¬ 
vided  into  1*950,000  vifible  Parts,  each  being  the 
one  hundredth  Part  of  an  Inch. 

2.  That  great  Philofopher,  the  Hon.  Robert 
Boyle ,  Efq;  who  has  furnifhed  us  with  many  Ex¬ 
periments  on  this  Subjed,  tells  us,  that  he  diffolved 
one  Grain  of  Copper  in  Spirit  of  Salt  ArmoniaCy 
and  that  the  Solution,  when  mixed  with  28,534 
Grains  of  Water,  communicated  a  very  deep  and 
confpicuous  blue  Tincture  to  the  Whole.  Now, 
becaufe  a  Grain  of  Water  is  found  to  be  equal  to 
.0037  of  a  cubic  Inch,  28,534  Grains  of^Vater 
will  be  equal  in  Magnitude  to  105.5758  cuBicL 
Inches.  If  therefore  a  Line  whofe  Length  is  the 
hundredth  Part  of  an  Inch,  be  eafily  difcerned  by 
the  Eye,  a  Cube,  whofe  Side  is  of  that  Length, 
will  be  much  more  difcernable  •,  but  a  cubic  loch 
contains  one  Million  of  fuch  final!  Cubes,  therefore 
105.5758  cubic  Inches  will  contain  105,575,800 
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fmall  Cubes,  the  Side  of  each  being  the  hundredth 
Fart  of  an  Inch  ;  and  thus,  by  this  Solution,  one 
Grain  of  Copper  was  divided  into  as  many  vifible 
Parts.  But  a  cubic  Inch  of  Copper  contains  al- 
moft  20,006  Grains,  and  therefore  it  may  be 
actually  refolved  into  2,1 1 1,516,000,000  vifible 
Parts :  and  if  of  this  Copper  there  be  taken  a 
Particle  of  the  Size  of  the  leaffc  Grain  of  Sand, 
or  one  whole  Diameter  is  the  hundredth  Part  of 
an  Inch,  fuch  a  Particle  of  Copper,  by  the  fore¬ 
going  Solution,  may  be  refolved  into  2,1 11*516 
vifible  Parts. 

3.  Mr.  Boyle  has  alfo  Found  by  Experiment, 
that  a  certain  Quantity  of  JJfa  Fdtida,  which  he 
expofed  to  the  open  Air,  loll  the  eighth  Part  of  a 
Grain  of  its  Weight  in  fix  Days  :  But  becaufe  the 
Flux  from  odoriferous  Bodies  is  continual,  there¬ 
fore  it  ought  to  be  proportionable  to  the  Time 
and  hence  the  Weight  of  the  Effluvia  which  pro¬ 
ceeded  from  the  ydjffa  F^tida  in  one  Minute,  was 
the  69, 1 20th  Part  of  a  Grain.  Now  the  Magnitude 
of  a  Particle  of  Water,  whofe  Weight  is  one 
Grain,  is  .00369  Parts  of  a  cubic  Inch  ;  therefore 
a  Particle  of  the  fame  Water,  whofe  Weight  is  the 
69,120th  Part  of  a  Grain,  will  he  equal  in  Magni¬ 
tude  to  .0,000,000,533  Pacts  of  a  cubic  Inch  :  but 
the  Gravity  of  JJfa  Fcetidd  is  to  that  of  Water,  as 
2  to  7,  and  therefore  the  Magnitude  of  a  Quantity 
of  Jfa  F^tidd)  whofe  Weight  is  the  69,120th 
part  of  a  Grain,  will  be  equal  to  .0,000,000,466 
Parts  of  a  cubic  Inch.  Let  us  now  fuppofe  that 
we  are  capable  to  fmell  the  Effluvia  arifing  from 
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the  JJfa  Fcetida  to  the  Di  fiance  of  five  Feet  only, 
on  every  Side,  and  that  every  Particle  in  the 
odorous  Sphere  be  fo  large  as  the  fourth  Part  of  a 
cubic  Inch,  then  the  Sphere  will  confift  of 
57,836,916  of  fuch  Particles  producing  the  Odour  : 
Now  all  thefe  Particles  have  been  fhewn  to  be 
equal  to  .0,000,000,466  Parts  of  a  cubic  Inch, 
therefore  one  of  fuch  Particles  will  be  no  more 
than  .0,000,000,000,000,008  Parts  of  a  cubic  Inch, 
which  is  furely  furprizingly  fmall  ;  notwithftand- 
ing,  in  this  Computation  we  have  fuppofed  the 
odorous  Sphere  equally  replete  with  the  Effluvia., 
without  allowing  the  Particles  near  the  slffa  Fcetida 
to  be  denfer  than  thofc  which  are  farther  off. 

4.  Mr.  Lewenhoeck  tells  us,  that  there  are  more 
Animals  in  the  Milt  of  a  fingle  Cod-fifh,  than  there 
are  Men  on  the  Earth  ;  and  from  the  Data  of  the 
Microfcope  he  ihews,  that  one  of  thefe  Animalcule 
is  at  lead  4,000,000  Times  lefs  than  the  fmalleft 
vifible  Grain  of  Sand.  Flow  inconceivably  fmall 
then  mufl  the  Globules  of  their  Blood  be  ?  In 
Ihort,  upon  reafonable  Suppolitions  he  fhews,  that 
they  are  fo  much  lefs  than  a  Grain  of  Sand,  as  a 
Grain  of  Sand  is  lefs  than  the  Globe  of  the  Earth  . 
and  tho’  this  Subtility  of  Nature  is  wonderful  be¬ 
yond  meafure,  yet  there  are  other  Particles  of  Mat¬ 
ter  ftill  more  fubtile  than  thefe  ;  for  the  before- 
mentioned  Globules  are  as  vaft  Mountains  when 
compared  to  the  Particles  of  Light. 

Having  thus  far  confjdered  the  wonderful  Sub¬ 
tility  of  Nature,  and  the  minute  Particles  into  which 
Matter  is  actually  divided,  it  remains,  that  we  now 
prove,  the  infinite  Divifibility  of  Matter . 
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E/f.  i.  A  Line  AB  may  be  infinitely  di* 
vided  thus  :  Through  the  Points  A  and  B,  the 
Extremities  of  the  Line  AB,  let  the  Parallels 
CD,  EF  be  drawn ;  afifume  any  Number  of  Points 
on  one  Side  of  the  Line  AB,  as  a ,  r,  d,  s ,  &c. 
from  B  towards  F,  and  let  any  Point  C  be  taken 
on  the  other  Parallel  AD,  and  on  the  other  Side  of 
the  Line  AB  then,  if  from  the  Point  C  to  the 
Points  r,  d ,  &c.  there  be  drawn  the  Lines 
C  a,  C  b,  C  c,  Cd,  &c.  thefe  will  all  cut  or  divide 
the  Line  AB,  but  none  of  the  Points  of  Inter- 
fedlion  can  ever  arrive  to  the  Point  A  :  For  if  the 
Point  F  were  taken  at  an  infinite  Diflance  from  B, 
there  would  Hill  be  an  Angle  FCD,  equal  to  CFB 
(by  27.1  Eucl.)  and  therefore  a  Line  A  o,  a  Part, 
of  the  Line  AB  will  Fill  remain  undivided,  and 
tonfequently  A  B  is  divifible  in  Theory,  ad  in¬ 
finitum. 

Fig.  2.  Or  a  Line  may  be  infinitely  divided 
thus  :  Let  a  Circle  be  drawn,  and  its  Diameter 
CD  be  infinitely  continued  on  one  Side,  and  to  the 
Point  C,  one  of  the  Extremities  of  the  Diameter, 
let  the  Tangent  AC  be  drawn,  and  the  Secant 
AE  :  Now  let  AB  be  the  Line  to  be  infinitely  di¬ 
vided  ;  lay  out  upon  the  Radius  ED,  or  upon  the 
Continuation  of  the  Diameter  as  many  Points  as 
you  pleafe,  and  with  the  Diftance  of  each  of  thefe 
Points  to  the  Point  of  Contact  C,  let  ever  fo  many 
Arches  be  defcribed,  they  will  refpectively  cut  or 
divide  the  Line  AB  •,  and  though  a  Point  were 
taken  upon  the  Diameter  at  an  infinite  Diftance 
from  the  Point  of  Contact  0,  and  with  that  Diftance  «*  . 
an  Arch  C  0  were  defcribed,  the  Point  0  of  that 
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Arch  could  never  IhnVe  to  the  Point  A,  inafmudi 
as  a  tangent  Line  can  only  touch  a  Circle  in  one 
Point,  (by  13.3  End.)  and  therefore  a  Line  A  <?,  a 
Part  of  the  Line  AB,  will  Hill  remain  undivided* 
and  confequently  AB  may  be  infinitely  divided. 

III.  Inactivity  or  PaJJivenefs  of  Matter,  is  that  , 
Propenfity  it  has  to  continue  in  the  State  it  is 
in,  whether  of  Reft  or  Motion,  ’till  it  is  made  to 
alter  the  fame  by  the  Addon  of  feme  external 
Force  :  And  therefore  if  one  Body  contains  two 
or  three  Times  the  Quantity  of  Matter  that  an¬ 
other  does,  it  will  alfo  contain  two  or  three  Times 
the  Inadivicy  *,  that  is,  it  will  require  two  or  three 
Times  the  Force  to  put  it  into  an  equal  Degree  of 
Motion.  And  from  this  Principle  are  deduced  the 
Laws  of  Motion ,  which  will  be  explained  in  the 
following  Chapter. 

^  j,ir 

IV.  Gravity  is  that  univerfa!  Difpofition  of  Mat\ 
ter  whereby  a  lejfer  Part  is  carried  towards  the 
Center  of  any  greater  Fart  ;  thus  all  Parts  of  Mat¬ 
ter  or  Bodies  on  the  Earth? s  Surface,  have  a  Ten¬ 
dency  to  defeend  to  its  Center  :  and  this  is  called 
their  Weight  and  Gravitation  in  the  leffer  Body,  buo 
Attraction  in  the  greater. 

Attraction  is  ufually  diftinguiflied  into  that 
Cohefion  and  Gravitation . 

Attraction  of  Cohefion  is  that  whereby  very  minute 
Bodies,  or  the  Particles  of  the  fame  Body  are  mu¬ 
tually  drawn  towards  each  other,  and  made  to  co¬ 
here  and  flick  together.  #  Thus, 
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■  i.  IF ftnall  Glafs  Tubes,  open  at  both  Ends,  be 
dipped  in  Water,  Claret,  Spirit  of  Wine,  or  any 
other  convenient  Fluid,  the  Fluid  will  rife  up  the 
Tubes  to  a  confiderable  Height  above  the  Level  » 
which  muff  be  owing  to  the  Attraction  of'  the 
Particles  of  Glals,  becaufe  the  fame  Thing  holds 
good  in  Vacuo ,  or  in  a  Place  void  of  Air,  as  under 
the  Receiver  f  an  Air-Pump,  out  of  which  -the 
Air  is  exhaufteci  by  Pumping. 

2.  The  Heights  to  which  a  Fluid  will  rife  in 
Tubes  of  different  Diameters,  will  be  Inversely  as 
the  Diameters.  Fig.  3.  Thus,  if  the  Diameter  of 
the  Tube  A  be  dou  ble  to  that  of  R,  the  Fluid  will 
dfe  twice  as  high  in  B  as  in  A. 

3.  If  two  polifhed  Plates  of  Glafs  be  fee  parallel 
to  each  other  at  different  fmall  Di fiances,  and  if 
their  lower  Edges  be  dipped  in  any  Fluid,  the 
Fluid  will  rife  between  them  in  an  inverfe  Propor¬ 
tion  to  their  Pittance  afundgi^  as  in  the  fore- 
going  Tubes.  If  the  Diftance  be  about  the  hun¬ 
dredth  Part  of  an  Inch,  the  Fluid  will  rife  about 
an  Inch  high,  and  fo  in  Vacuo . 

,  n  0  4.  Let  the  Edges  of  the  polifhed  Glafs  Plates 
v  ^  be  clofed  at  AB,  and  the  oppofite  Edges  at  CD  be 
kept  a  little  diftant  by  putting  a  Six- Pence,  or  any 
thin  Body  between  them  ;  if  then  the  lower  Edges 
be  dipped  in  any  Fluid,  the  Fluid  will  rife  between 
the  Plates,  and  form  an  hyperbolic  Curve ,  becaufe 
the  Heights  of  the  Fluid  are  inverfely  proportional 
to  the  Piffahces  ofAhe  feveraTParts  of  the  Plare.^ 
and  thefe  aTlheir^IIfances" fromAheir  PAmHTf 
Meeting  at  A,  Fig-  4.  For  if  AE,  X.G,  AI,  AD, 
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be  taken  as  Abfcifife,  then  EF,  GH,  IK,  DL, 
will  be  the  refpeCtive  Ordinates,  and  confequently 
the  Curve  FHKL  will  be  an  hyperbolic  one.  ^ 

5.  Two  little  Spheres  of  Mercury  brought  near 

each  other,  will  mutually  attract  each  other,  and 
become  one  Sphere.  v 

6.  A  piece  of  Loaf  Sugar  will  attract  or  draw-^  . 
up  a  Fluid  ;  in  the  fame  Manner  Sap  afcends 

in  Trees,  a  Spunge  fucks  in  Water,  and  the  Glands 
of  the  Body  draw  in  various  Juices  frorn  the 
Blood. 

7.  Fig  5.  If  two  Pieces  of  Lead  with  convex 
Surfaces  be  fcraped  clean  and  preffed  clofely  to¬ 
gether,  they  will  attract  each  other  fo  ftrongly 
as  to  require  100,  or  150  Pound  Weight,  to  pull 
them  afunder. 


Hence  it  is  eafy  to  account  for  the  Formation 
of  Bodies,  7  or  thofe  Particles  that  attract  each 
other  flrobgly,  and  touch  each  other  in  many 
Points,  iof  m  hard  Bodies  ;  thofe  whofe  Particles 
touch  eacn  other  in  fewer  Points,  and  perhaps  do 
not  attVadl  each  other  fo  ftrongly,  will  conftitute 
fof ter  Bodies,  as  Lead,  Pewter,  &c .  thofe  whofe 
Particles  are  perfectly  round,  fmooth,  and  void  of 
Attr-adlion,  if  any  fuch  there  be,  will  conftitute  a 
perfect  Fluid  y  and  thofe  whofe  Particles  are  noc 
roftnd  and  void  of  Attraction,  will  form  only  an 
Hef.ap  of  Du  ft  or  Sand. 

Hrhis  Kind  of  Attraction  extends  but  to  fmall 
Li  ftances  ;  for  if  the  two  Spheres  of  Mercury  be- 
fqfre-mentioned  be  rolled  in  Dull,  they  will  not 
nln  together,  for  the  Duft  prevents  Attraction. 

■  1  '  '  C  Where 
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Where  the  Sphere  of  Attraction  ends,  a  repulfive 
Force  begins ;  thus  Water  repels  moft  Bodies,  ’till 
they  are  wet.  And  it  is  upon  this  Principle  that 
a  dry  Needle  will  fwim  upon  Water,  and  that  Flies 
walk  upon  it. 


Attraction  of  Gravitation  is  that  by  which  diftant 
(/  Bodies  move  to  or  tend  towards  one  another  *,  it 
is  diffbfed  throughout  the  folar  Syftem,  and  is  p10“ 
bably  extended  to  the  other  Sy Items  of  the  Uni- 
verfe,  yet  at  prefent  we  will  confider  it  only  with 
refpeCt  to  the  Earth,  the  Parts  whereof  would  fly 
afunder  by  the  diurnal  Rotation,  were  they  not 
kept  together  by  the  Influence  of  Gravity  *  where¬ 
by  alfo  we  have  dayly  Inftances  of  Bodies  falling 
on  the  Earth,  and  of  others  on  it  to  tend  towards 
its  Center. 

This  Power,  at  equal  Di fiances  from  the  Earth  s 
Center,  is  always  proportional  to  thP  Quantityjof 
Matter  in  the^  Body  on  whiehjt  a£l&;  fbr  light  and 
?— »  heavy  Bodies^~faTli ng~~fro m  the  fame  Height,  de- 
icend  with  equal  Swiftnefs,  provided  they  meet 
with  no  Refiftance  from  the  Air.  \  Thus, 
if  a  Piece  of  Gold  and  a  Feather  be  IV" c 
from  the  Top  of  an  cxhaufled  Receiver  at  the?  fame 
Inflant  of  Time,  they  will  both  arrive  at  the,(  Bot¬ 
tom  in  the  fame  Time  very  nearly,  and  wouJd  in 
the  very  fame  Time,  could  the  Receiver  be  jper- 
feClly  exhaufted.  i 

ence  the  Forces  of  Gravity,  whereby  Boshes 
defcend,  mufl,  at  equal  Diftances  from  the  Eart ,hJs 
Center,  be  as  the  Quantity  of  Matter  in  the  dde* 
fcending  Bodies ;  for  if  a  certain  Force  of  Gravity 
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carries  a  Body  of  a  certain  Quantity  of  Matter, 
with  a  certain  Swiftnefs,  then  a  Body  of  double 
that  Quantity  of  Matter,  will  require  double  that  ^ 
Force  to  give  it  the  — Se-  the 

Weights  of  Bodies^ at  equal  Dift.an.ces.  from  the 
Center  of  the  Earth,  are  as_jhe:  Quantities  of 

VL 


Matter  they  contain,  and  therefore  the  Quantity  of 
Matter^ m  any  Body  may  be  meafured  by  the 
Weight. 


Sir  Isaac  Newton  has  proved  that  the  Gravity  ,  T 
of  any  Body  within  the  Earth’s  Surface,  is  as  its  ' ' 
Diftance  from  the  Center:  Thus,  if  the  Earth’s 
Surface  were  4000  Milesfand  a  Body  on  its  Sur¬ 
face  weighs  a  Pound,  then  at  3000,  2000,  or 
1000  Miles  from  the  Center,  that  Body  will  weigh 
|,  #,  or  i  of  a  Pound,  and  l'o  on  to  the  Center, 
where  it  lofes  all  Gravity. 

Gravity  on  and  beyond  the  Earth’s  Crmw,,  i$ 
jnverfely  as  the  Square  of  the  Diftance  from  the 

,  in  a.recii 


Center  j  or  which  is  the  fame  T 
Duplicate  Ratio  of  the  Di fiance  from  the  Center, 

>i  fiance  it  is  four  Times  lefs. 


*mzr at  dou Die  tne 
at  triple  the  Diftance  nine  Times  lefs,  &c.  But 
where  the  Diftances  are  fmall,  as  i,  1,  or  a 
Mile,  their  Differences  are  fo  very  fmall,  when 


compared  to  the  Radius  of  the  Earth,  that  they 
may  be  rejected,  for  they  will  not  occafion  any 
fenfible  Error  in  Calculation. 

The  Velocity  or  Celerity  of  Bodies  defcending 
by  the  Force  _of  Gravity,  muft  h£_dire&Iv  as  the— ^ 
Times  of  their  Defcent  :  For  fince  Gravity  a£Is 


uniformly,  equal  Times  muft  produce  equal  Effe&s 
'  .  C  z  that. 


/  v.’I. 
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that  is,  a  double  or  triple  Time  will  produce  a 
double  pr  triple  Velocity.  Or  if  we  imagine  Gra¬ 
vity  to  exert  itfelf  by  an  infinite  Number  of  Ini- 
pulfes,  then  if  j>ne  Impulfe  in  jhe  firft  Moment  of 
Time  gives  a  Body  a  certain  Degree  of  Velocity? 
in  a  fecond  Moment  a  fecond  Impulfe  will  give  it 
‘^another,  a  tKird  another,  and  fojmy  fo  that  this 
Force  afting  perpetually  nn  the  Body,  mud  accele¬ 
rate  its  Velocity  proportionably  to  the  Number  of 
lmpulles ;  thatTs,  proportionabIy~~to  the  Time  of 


its  Uefcent:.rThe,  more  fwiftly  any  Body  moves, 
and  the  longer  it  continues  its  Motion,  the  greater 
muft  the  Space  be  which  it  runs  over  *,  fo  that  the 
Space  is  Tad  by  multiplying^  ihe^  Time  into  the 
Velocity  :  But  fince  the  Velocity  of  defcending 
JBodies  are  as  the  Times  of  their  Defcent,  there¬ 
fore  the  Space  is  had  by  multiplying  the  Time  by 
the  Time,  or  by  fquaring  the  Time.  Thus,  if  a 
Body  defcends  2  Miles  a  Minute,  for  2  Minutes 
the  Space  defcribed  muft  be  4  Miles  ;  if  3  Miles 
a  Minute,  for  3  Minutes,  the  Space  defcribed  muft 
be  9  Miles,  &c. 

Hence  Ts  evident,  that  the  Space  defcribed 
In  1  Minute  will  be  1  =:  the  Square  of  i. 

In  2  Minutes  will  be  4  =3  the  Square  of  2. 

* 

In  3  Minutes  will  be  9  =2  the  Square  of  3. 

In  4  Minutes  will  be  16  the  Square  of  4,  &ca 
the  Spaces  being  always  as  the  Squares  of  the 
Times. 

It  has  been  found  by  repeated  Experiments,  that 
a  heavy  Body  will  fall  16  Feet  and  1  Inch  in  a 
econd  of  Time,  therefore  in  2  Seconds  it  will 

defcend 
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dcfcend  4  Times  as  far,  or  64  Feet  4  Inches  $  in 
3  Seconds  it  will  defcend  9  Times  as  far,  or  144 
Feet  9  Inches,  &c . 

Hence  the  Depth  of  a  Well  or  Coal-Pit  may  be 
found,  by  obferving.  the  Time  a  Body  is  falling  to 
the  Bottom. 

In  the  fame  Manner  as  heavy  Bodies  are  accele¬ 
rated  in  their  Defcent,  it  is  plain  they  mull  be 
retarded  in  their  Afcent.  Therefore  the  fame  Ve* 
locity  which  a  Body  acquires  by  falling,  will  be  jj 
fuflicient  to  carry  it  to  the  fame  Heigftt.JfroHV 
whence  i t  h Force  of  Gravity  a2E- 
ing  c  on  fta  n tly^anTe qu a  1 1  y  againft  the  afcending 
Body  will  diminifh  its  rifing  Motion  ’till  it  is  quite 
deftroyed. 

tfbe  Center  cf  Gravity  of  any  Body  is  that  Point 
wherein  the  whole  Force  of  its  Gravity  is  united 
and  centred,  fo  that  whatever  fuftains  that  Point, 
bears  the  whole  Weight  of  the  Body ;  and  if  the 
Body  be  fupported  at,  or  fufpended  by.  that  Point, 
all  the  Parts  of  it  will  be  in  a  perfedt  Equili¬ 
brium. 

If  a  perpendicular  Line  be  drawn  from  the  Cen 
ter  of  Gravity  of  a  Body,  it  will  tend  towards  the 
Earth’s  Center,  and  fuch  a  Line 'is  called  the  Line 
pf  Direction, 

The  Center  of  Gravity  continually  endeavour 
£0  move  downwards  towards  the  Center  of  the 
Earth  ;  and  therefore  if  a  Body  feems  to  move 
upwards  by  the  Force  of  Gravity,  it  *will  notwith- 
ftanding  be  found  that  the  Center  of  Gravity  de¬ 
fcend  s. 

'■  Big,  6. 
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Fig ,  6.  Thus,  if  an  Angle  formed  by  two  Ru- 
fers  be  placed  on  an  horizontal  Plane,  and  the  Ends 
be  raifed  above  the  Plane  j  and  if  a  Body  in  the 
Form  of  a  double  Cone  be  laid  near  the  angular 
Point  of  the  Rulers,  it  will,  when  let  go,  move, 
towards  the  raifed  Ends,  and  appear  to  afcend, 
whereas  it  really  defcends  :  For  the  Center  of 
■f  Gravity  conftantiy  moves  downwards,  which  will 
"  be  eafily  obvious  by  performing  the  Experi- 

Fig.  7.  Let  a  wooden  Cylinder  made  hollow 
towards  one  Side,  and  filled  with  Lead,  be  placed 
on  an  inclined  Plane,  fo  that  the  Side  which  is 
neareft  the  Center  of  Gravity  may  lean  towards 
the  upward  Part  of  the  Plane,  it  will  then  afcend  ; 
but  the  Center  of  Gravity  will  at  the  fame  Time 
defcend,  provided  the  Inclination  of  the  Plane  be 
not  too  final]. 

It  is  therefore  contrary  to  the  Nature  of  heavy 
Bodies,  and  of  Courfe  to  the  Center  of  Gravity, 
to  afcend  of  themfelves,  or  not  to  defcend,  when 
*  permitted  fo  to  do.  . 

Fig.  8.  Hence  it  is  that  Bodies  Hand  when  the 
Line  of  Direction  falls  within  their  Bafe :  But  if 
the  Line  of  Direction,  Fig.  9.  falls  without  the 
Bafe,  the  Body  will  fall  ;  for  this  Line  does,  as  it 
were,  tie  it  fall  to  the  Ground  in  the  one  Cafe,  and 
pulls  it  over  in  the  other. 

Seeing  therefore  that  the  {landing  of  Bodies  de¬ 
pend  upon  the  Lines  of  Direction  falling  within 
their  Bafes,  it  follows,  that  the  larger  the  Bafe  of 
/  any  Body  be,  and  the  nearer  its  Line  of  Dire£tion 
/&•  be  to  the  Middle  thereof,  the  more  firmly  muft 
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that  Body  (land  ;  and  that  the  lefs  the  Bafe  of  any 
Body  be,  and  the  nearer  the  Line  of  Direction  be 
to  its  Side,  the  lefs  firmly  mull  that  Body  ftand, 
and  therefore  it  may  be  the  more  eafily  over¬ 
thrown  ;  becaufe  the  Line  of  Direction  is  fooner 
and  more  eafily  removed  out  of  the  Bafe  of  the 
one,  than  of  the  other. 

Hence  it  is  that  a  Globe  or  Sphere  rolls  eafily  on 
a  Plane,  and  that  it  is  fo  difficult  to  make  a  point¬ 
ed  Body,  as  a  Top,  or  a  Needle  to  ftand  on  its 
Point,  or  a  thin  Body  on  its  Edge  *,  and  that  a 
Body  Aides  on  an  included  Plane  when  its  Line  of 
Diredtion  falls  within  its  Bafe,  when  a  Sphere  or 
Cylinder  being  placed  thereon  will  roll,  and  that 
any  other  Body  whofe  Line  of  Diredtion  falls 
without  its  Bafe,  will  tumble  over. 

Hence  alfo  it  is  that  we  are  in  the  moft  firm 
Pofture  when  the  Line  of  Diredtion  falls  juA  in  the 
Middle  between  our  Feet,  that  we  are  eafily  thrown 
down  when  it  falls  on  or  near  either  Foot,  and  that 
we  fall,  when  it  fails  without  either. 

Hence  alfo  it  is  that  we  bend  forward  when  we 
rife  from  our  Seat,  or  go  up  Stairs  *,  that  a  Man 
leans  forward  or  backward  as  he  carries  a  Burden 
behind  or  before,  or  to  the  Right  Hand  or  left,  as  he 
carries  it  on  the  oppofite  Side  :  and  numberlefs 
other  Inftances  of  the  like  Nature  might  be  added. 

Having  thus  far  explained  the  Univerfal  Proper¬ 
ties  of  Matter,  it  remains  now  to  fpeak  of  feme 
of  the  Accidental  Properties  which  are  peculiar  to 
feme  Bodies  only  ;  and  more  particularly  thole  of 
Magnet ifm  and  EUtlricpy . 


Magnetifm 
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I.  Of  Magnet ifm. 

/ 

Magnet ifm  is  a  very  furprizing  Species  of  At» 
traction  peculiar  to  that  Foffil  called  the  Magnet ,  or 
Loadftone :  Thefe  Stones  are  found  in  Iron  Mines, 
and  are  much  heavier  and  harder  than  Iron,  but 
of  that  Hue  ;  they  are  neither  all  of  the  fame  Size,, 
Figure,  nor  indeed  are  they  all  exadtly  of  the  fame 
Colour.  The  Properties  peculiar  to  the  Loadftone 
are  thefe. 

i.  It  attracts  Iron  or  Steel  only. 

If  a  Loadftone  put  in  a  wooden  Bowl-difh, 
little  Boat,  or  any  light  Thing  that  will  fuftain  it 
on  Water,  be  let  at  Liberty,  it  will  then  turn  one 
of  its  Sides  towards  the  North  and  the  other  to¬ 
wards  the  South  Parts  of  the  Horizon  ;  and  thefe 
two  Parts  of  the  Loadftone  are  called  its  Poles ,  and 
the  Line  which  is  fuppofed  to  pafs  from  one  Pole 
to  the  other,  is  called  its  Axis. 

3.  Any  Piece  of  Iron  or  Steel  which  has  been 
touched  by  a  Loadftone  will  attrad  and  lift  up  a 
lefter  Piece,  and  this  laft  being  touched  by  the 
former,  will  again  attrad  a  ftill  lefter  Piece,  &ca 
and  all  thefe  will  have  their  Poles. 

4,  If  a  Knife  be  moved  gently  upon  one  of  the 
Poles  of  the  Loadftone,  from  the  Handle  towards 
the  Poinr,  it  will  lift  up  more  than  if  rubbed  to 
any  other  Part ;  and  if  you  then  move  the  Knife 
on  the  fame  Pole  gently  from  the  Point  towards 
the  Handle,  or  the  fame  Way  on  the  other  Pole, 
it  will  lofe  all  the  Virtue  it  had  before  acquired, 

and 
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and  will  not  be  able  to  lift  up  the  fmafteft 
Needle. 

5.  That  Point  of  a  Needle  of  a  Compafs  which 
has  been  touched  upon  one  Pole  of  a  Loadftone, 
will  Point  to  the  oppofite  Part  of  the  Heaven! 
that  Pole  itfelf  will  turn  to  *,  thus,  if  the  End  of  a 
Needle  be  touched  on  the  South  Pole  of  the 
Stone,  it  will,  when  fet  upon  its  Center-Pin, 
turn  towards  the  North  ;  and  if  it  be  touched  on  the 
North  Pole  of  the  Stone,  it  will  turn  towards  the 
South  •,  therefore  the  South  Pole  of  a  Loadftone 
will  attract  the  North  End  of  a  Needle  or  Sea» 
Compafs,  and  repel  the  South  End,  and  its  North 
Pole  will  attract  the  South,  and  repel  the  North 
End  of  a  Needle  or  Compafs. 

6*  All  Needles  which  are  touched  by  the  Load¬ 
ftone  will  point  towards  the  North  and  South  Parts 
of  the  Heavens  nearly,  and  whatever  Number  of 
Degrees  the  Points  of  the  Needle  deviate  from  the 
true  North  and  South  Parts  of  the  Heavens,  juft  fo 
much  will  be  what  is  called  the  Variation  of  the 
Needle.  The  Needle  varies  in  the  fame  Place  at 
different  Times,  and  in  different  Places  at  the  fame 
Time.  In  the  Year  1580  the  Variation  in  Dublin 
was  n  Degrees  eaftcriy,  and  in  the  Year  1753  it 
was  19  Degrees  wefterly  *,  but  how  long  it  will 
continue  lo,  Time  and  Obfervation  muft  only  de~ 
termine.  In  fome  Places  the  Variation  has  been 
found  to  be  5,  10,  or  15  Degrees,  and  at  the  fame 
Time,  at  other  Places,  it  has  been  found  to  be  20, 
30,  or  40  Degrees. 

7.  Birs  of  Iron  which  have  flood  a  long  Time 
in  a  perpendicular  Situation  will  acquire  the  fame 

..D  /  Virtue 
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Virtue  that  a  Loadftone  by  touching  will  deliver 
to  it  in  a  Moment  :  Thus,  the  lower  End  of  a  Win* 
dow  Bar ,  or  a  Pair  of  ‘TongsWith.  which  we  take  up 
Coals,  and  which  generally  Hands  nearly  perpendi¬ 
cular,  will  have  the  fame  Virtue  as  we  find  in  the 
South  Pole  of  a  Loadftone,  and  the  upper  End  has 
the  Virtue  of  the  North  Pole. 

8.  If  a  long  flender  Piece  of  Steel  be  heated  red 
hot,  and  then  dipped  in  Water  perpendicularly  * 
or  if  an  Iron  Rod  be  held  perpendicularly,  and  the 
tipper  End  of  it  be  ftruck  by  a  Hammer ;  either 
of  thefe  will  immediatly  acquire  the  fame  Virtue 
of  the  above-mentioned  Bar  or  the  Tongs. 

g.  If  two  polifhed  Pieces  of  Steel  be  placed  at 
the  two  Poles  of  a  Loadftone,  they  jointly  will 
take  up  a  much  larger  Piece  of  Iron,  than  the 
naked  Stone  itfeJf  will  take  up  ;  for  the  Iron  which 
is  lifted  up,  touches  the  two  Steel  Poles,  or  the 
Armour ,  in  more  Points  than  the  Stone  itfelf  can 
touch  it  in.  But  if  the  Armour  be  rufty,  fo  as  to 
render  the  Contact  lefs,  or  which  is  the  fame 
Thing,  if  we  apply  a  rufty  Iron  to  it ;  or  if  be¬ 
twixt  the  Armour  and  the  Iron  we  put  a  Body 
that  is  very  thin,  as  a  Piece  of  Paper,  it  will  then 
lift  up  no  more  than  if  it  were  unarmed,  whereas 
the  Interpofition  of  fuch  fort  of  Bodies  does  not 
at  all  alter  the  other  Effects  of  the  naked  Load- 
ftone. 

Hence  it  is  that  feme  times  a  weak  Loadftone 
will  carry  off  a  Piece  of  Iron  which  is  fufpended 
to  one  much  ftronger,  and  this  muft  be  when  the 
weaker  Loadftone  touches  the  Iron  in  more  Points 
than  the  ftronger  does. 

10.  If 
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10.  If  a  Brafs  Whirligigs  whofe  Axis  is  Iron  or 
Steel,  be  fpun  round  upon  a  Table,  and  then  taken 
up  by  a  Loadftone,  it  will  keep  turning  much 
longer  than  if  it  be  left  to  move  on  the  Table  ; 
becaufe  the  Fri&ion  is  taken  off,  when  it  is  fufe 
pended  by  the  Loadftone,  that  it  fuffered  when  it 
was  on  the  Table. 

11.  If  a  Loadftone  be  let  to  take  Ruft,  fo  as  to 
get  into  its  Pores,  its  Texture  will  thereby  be  de- 

.  ftroyed,  and  the  Stone  will  Jofe  much  of  its  Vir¬ 
tue  ;  and  in  like  manner  if  it  be  put  into  a  Fire^ 
its  Texture  by  that  Means  will  be  more  deftroyed, 
and  therefore  it  will  lofe  much  more,  or  perhaps 
all  its  Virtue. 

12.  The  only  Remedy  to  prevent  a  Loadftone 
from  Ruft,  or  of  being  injured  by  too  much  Heat* 
is  to  furround  it  with  a  Coat  of  Iron  ;  for  the  Iron 
will  admit  a  much  freer  Paftage  to  the  magnetic 
Matter,  than  the  Air  does,  for  it  bends  itfelf  and 
continues  its  Courfe  in  the  Iron  ;  and  therefore  the 
Pores  cannot  fuffer  fo  much  as  when  the  Stone  is 
left  naked  in  open  Air. 

13.  If  a  Loadftone  be  fawed  into  feveral  Pieces, 
each  of  thefe  will  have  its  particular  Poles,  which 
may  be  found  by  Jetting  them  fwim  in  fmall 
wooden  Cups  or  Boats,  as  before. 

14.  It  will  be  neceflary  here  to  obferve,  that 
the  Needles  of  Surveying  Inftruments  are  frequent¬ 
ly  out  of  Order,  and  require  often  to  be  touched. 
The  Reafon  of  this,  as  I  take  it,  is,  that  as  foon 
as  a  Surveyor  has  finifhed  his  Survey,  he  laps  up  his 
Needle  in  a  Scrap  of  Paper,  and  throws  it  in  any 
Manner  into  the  Box  by  the  Side  of  the  Center-  , 

D  a  Pin, 


10  A  COURSE  of 

Pin,  and  in  that  Manner  lets  it  lie  ’till  the  next 
Time  he  has  Occafion  to  ufe  it ;  if  this  proves  a 
long  Time,  it  is  very  probable  his  Needle  will 
out  of  Order  :  For  the  Needle,  by  the  Virtue 
which  is  infufed  therein  by  the  Touch  of  theLoad- 
ftone,  as  before,  has  a  Tendency  to  point  towards 
the  North  and  South  Points  of  the  Heavens,  and  it 
will  ufe  all  its  Effort  fo  to  do,  and  will  a&ually 
do  fo,  if  it  be  laid  on  its  Center-Pin  on  an  hori¬ 
zontal  Plane  in  a  Place  where  Iron  is  not  near  it 
to  alter  or  change  its  natural  Situation.  Now,  be- 
caufe  the  Needle,  when  thrown  by  the  Side  of  the 
Center-Pin,  is  debared  of  all  its,  Power  of  point¬ 
ing  where  it  naturally  would,  tho*  it  exerts  all  its 
Power  fo  to  do,  by  the  magnetic  Virtu"  infufed 
therein  ;  it  thereby  fuffers  fo  great  a  Conflict,  that 
It  is  deprived  of  its  ufual  Strength  and  Effort,  by 
exerting  it  to  no  Effect,  and  thereby  its  magnetic 
Virtue  is  fome  way  or  other  fo  withdrawn  from 
it,  that  it  becomes  of  little  or  no  Ufe  Till  it  re¬ 
ceives  a  new  Touch  ;  whereas,  if  the  Needle  be 
kept  on  its  Center-Pin  in  an  horizontal  Pofition* 
as  above,  or  if  the  inftrument  be  conftantly  ufed, 
the  Needle  will  be  many  Years  without  requiring 
4  new  Touch.  I  am  no  Stranger  to  the  Complaints 
of  Surveyors  concerning  their  Needles,  and  there¬ 
fore  I  am  the  more  confident  in  afferting  that  a 
Needle  feldom,  if  ever,  requires  touching,  which  is 
conftantly  ufed,  or  kept  on  its  Center- Pin  ;  but  the 
Caufe  of  its  not  playing  well,  as  it  is  termed,  or 
not  pointing  duly  as  it  ought  to  do,  muff  either  be 
owing  to  the  Point  of  the  Center-Pin  being  turned, 
fo  that  the  Friction  of  it  againft  the  Cap  impedes 
"  “  v*  ‘  5  the 
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fche  Motion  of  the  Needle  ;  or  elfe  that  the  Cap  of 
the  Needle  is  pricked,  or  a  Hole  is  qiade  therein 
by  the  Center-Pin  being  too  fharp,  from  a  Jolt  or 
Jump.  So  that  in  the  general  I  am  fatisHed  that 
Surveyors  and  Mariners  would  have  fewer  Com¬ 
plaints  of  their  Needles  and  Compaffes,  were  they 
kept  always  on  their  Center-Pins,  except  in  carry¬ 
ing  on  Horfe-back  or  on  a  Carriage,  where  the 
Motion  is  very  violent. 

15.  I  have  often  heard  it  afferted,  that  Needles 
touched  by  different  Loadflones  had  different 
Tendencies  towards  the  North  and  South  Points  of 
the  Heavens,  and  therefore  that  different  Needles 

-  1 

had  different  Variations  in  the  fame  Place  *,  but 
from  repeated  Experiments,  I  have  found  the 
contrary.  If  indeed.  Mathematical  Inftrument- 
Makers  do  not  take  fufficient  Care  to  put  the  Ring 
in  the  Box,  fo  that  the  360th  and  180th  Degrees 
tht.cof  fhall  exactly  correfpond  with  the  Line  on 
the  Middle  of  the  Index,  and  this  again  with  the 
narrow  Slits  of  the  Sights,  and  with  the  Hairs  in 
the  Middle  of  the  wide  ones  ;  the  Difference 
arifmg  in  the  Degree  pointed  to  by  two  or  more 
Needles,  is  to  be  attributed  to  the  Inaccuracy  of 
the  Inftrument -Maker,  and  not  to  any  different 
Tendencies  acquired  by  Needles  being  touched  by 
different  Loadflones. 

Laftly ,,  The  attradlive  Quality  of  the  Loadftone 
adts  in  an  inverfe  or  a  reciprocal  Ratio  of  the 
Diftances  the  Iron  or  Steel  is  from  the  Stone  ;  that 
is,  at  a  Angle  Diftance,  the  attractive  Force  is  four 
Times  greater  than  at  a  double  DHlance,  and  nine 
Times  greater  than  at  a  triple  Diftance,  (£c. 

*  II.  Of 
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II,  Of  EliSlrici ty \ 

Electrics  per  fey  are  fuch  Bodies  as  will,  whe^ 
heated  by  Attrition,  Rubbing,  or  FriCtion,  attraCt 
and  repel  all  light  Bodies  at  the  Diftance  of  io  o* 
?5  Inches:  Such  are  Glafs,  Jet ,  Sealing-Wax^  Agate^ 
and  almoft  all  Manner  of  Precious  Stones ,  $ilk<>  and 
Amber ;  from  which  laft,  on  account  of  its  general 
Character  of  taking  up  or  attracting  Straws,  Pieces 
of  Paper,  and  other  light  Bodies,  it  bears  the  Name 
of  Electricity.  Non-eleffrics  per  fe  are  thofe  Bodies 
which  cannot  produce  that  EffeCt  when  rubbed,  but 
they  attract  the  electrical  Effluvium  or  Matter  from 
the  Electrics  per  fe ,  ’till  they  become  replete,  and 
then  they  produce  the  fame  EffeCts. 

i.  If  a  Glafs  Tube  of  about  an  Inch  and  an  half 
.Diameter,  and  two  or  three  Feet  long,  be  heated 
by  Rubbing,  it  will  alternately  attraCt  and  repel  all 
light  Bodies.  2.  It  will  not  attraCt  by  being  heated 
without  rubbing.  3.  Any  light  Body  being  once 
repelled  by  the  Tube,  will  never  fuffer  itfelf  to  be 
attracted  again,  ’till  it  has  loft  its  Effluvium  by 
touching  fome  non-eleBric  per  fe.  4.  If  the  Tube 
be  rubbed  with  a  moift  Hand,  or  if  it  be  touched 
by  any  Thing  that  is  wet,  it  deftroys  the  Electrici¬ 
ty.  5.  It  attracts  belt  when  it  is  firft  rubbed  with 
Bees-Wax,  and  after  with  a  dry  woollen  Cloth. 
6.  When  it  is  rubbed  well,  fo  as  to  be  in  good 
Order,  if  the  Finger  be  moved  by  it,  at  the 
Diftance  of  about  half  an,  Inch,  the  Vapour  ifluing 
therefrom,  will  fnap  and  crackle  againft  the  Fin¬ 
ger, 
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ger,  and  a  Flafh  of  Light  will  appear*  if  the  Place 
be  dark. 

Fig.  io.  If  under  a  Glafs  Globe,  or  Glafs  Cy¬ 
linder,  fixed  upon  an  Axis,  be  placed  a  Cufhion 
covered  with  Buff  Leather,  and  over  it  be  hung  a 
String  of  Wires  from  an  Iron  Ear  which  is  fu (tam¬ 
ed  by  Silk  Threads,  proceeding  from  four  wooden 
Pillars,  and  if  the  larger  Wheel  be  turned  brifk, 
and  the  Cufhion  be  kept  clofe  to  the  Cylinder* 
(which  is  affedled  by  a  Screw  palling  through  the 
Spring  to  the  Extremity  of  which  the  Cufhion  is 
fixed  ;)  then  by  the  Attrition  of  the  Cufhion  againft 
the  Glafs,  the  Globe  or  Cylinder  will  emit  a  co¬ 
pious  Eledtrical  Effluvium,  which  being  attracted 
by  the  Wires,  will  from  thence  be  conveyed  into 
the  Iron  Bar  :  From  whence  many  Experiments 
may  be  performed*  the  principal  of  which  arc 
thefe. 

1.  If  you  put  your  Finger,  or  any  other  non- 
ele&ric  Body,  near  the  electrified  Bar,  it  will  attraft 
the  Vapour  vifibiy,  and  a  Flame  will  iffue,  crackle 
and  fnap  in  coming  from  the  Bar,  and  in  the  Fin¬ 
ger  will  be  felt  a  (light  prickling  Pain. 

2.  If  a  Perfon  Handing  upon  a  Cake  of  Wax  or 
Rofin,  lays  hold  of  the  eledtrified  Bar  with  his 
Hand,  his  Body  will  be  filled  with  the  dedtric 
Fluid  which  iftues  from  the  Bar  through  his  Arm ; 
but  this  electric  Matter  will  be  loft  in  the  Floor,  if 
the  Cake,  or  whatever  elfe  he  Hands  upon,  be  not 
an  eleFiric  per  fe.  And  if  any  Perfon  touches  any 
Fart  of  him  who  is  fo  electrified,  the  cledfric  Flame 
or  Matter,  will  iffue  from  the  Part  where  he  is 

touched. 
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touched,  into  the  Finger  that  touched  him,  with 
a  Snap,  and  will  raife  a  fudden  prickling  Pain  in 
both. 

3.  If  the  electrified  Bar  be  touched  by  any 
de&ric  Body,  as  Glafs  or  Wax,  the  Spark  or 
Flame  will  be  fcarcely  fenfible,  and  therefore  the 
Confideration  of  it  is  avoided. 

4.  If  two  Perfons  Handing  on  Eleftrics  per  fei  be 
equally  replete  with  the  eleCtrical  Matter,  touch 
each  other,  nothing  will  be  feen  to  iflue,  fo  as  to 
caufe  either  Flame,  Snap,  or  Senfation  ;  becaufe  in 
this  Cafe,  they  may  be  looked  upon  as  Electrics  per 
Jey  and  therefore  will  rather  repel  than  attraCl  each 
other  :  For  if  two  Feathers  be  tied  with  fmali 
flaxen  Threads,  and  hung  clofe  to  each  other  over 
the  Bar  before  it  is  electrified,  upon  electrifying 
the  Bar,  they  become  in  a  Moment  electrified,  and 
then  they  repel  each  other. 

5.  If  two  Perfons  (land  on  Cakes  of  Wax,  or 
on  feperate  eleCtric  Bodies,  and  if  one  of  chefe 
only  be  electrified,  then  as  often  as  either  touches 
the  other,  fo  often  will  the  Perfon  who  is  not 
eledtrified  attract  the  electrical  Matter  from  him, 
that  is,  ’till  they  are  equally  replete  with  it  :  On 
their  fir  ft  Approach,  the  Snap  and  Senfation  will 
be  ftrong,  the  fecond  Time  it  will  be  weaker,  the 
third  (till  lefs,  and  fo  on  *,  ’till  the  electrified  Per¬ 
fon  communicates  to  the  other  Half  of  the  electri¬ 
cal  Matter  he  at  firft  contained,  except  the 
little  that  is  diffipated  at  every  Snap  :  For  if 
another  Non-eleCfcric  touch  each  Perfon,  the  like 
Senfation  will  arife  from  both  5  and  if  the  electrified 

Perfons 
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Perfons  then  touch  each  other,  the  EfieCt  will  not 
be  fenfible  to  either. 

6.  If  there  be  three  Bodies  eleCtrified  which  are 
of  a  given  Magnitude,  but  different  Denfity,  one 
of  Wood,  another  of  Stone,  and  the  third  of  Iron; 
then,  if  Bodies  of  the  fame  Kind,  which  are  not 
electrified,  be  held  feperately  towards  each  of  them, 
the  Senfation,  Flame,  and  Snap  will  be  greateft 
from  the  denfeft  Bodies,  weaker  from  the  lefs 
denfe,  and  exceedingly  weak  from  the  Bodies  that 
are  leaft  denfe.  Again,  if  the  denfeft  touch  the 
rareft  Body,  the  EffeCt  will  be  ftronger  than  when 
the  rareft  Bodies  touch  each  other,  and  weaker 
than  when  the  denfeft  Bodies  approach  each 
other.  ^ 

7.  If  a  Wire  be  electrified  in  the  Dark,  and 
a  Non-eleCtric  be  held  at  feven  or  eight  Inches 
Diftance  from  the  End  thereof,  there  will  be  then 
feen  to  iffue  from  the  Wire,  a  continual  Stream  of 
luminous  Matter,  which  will  diverge  to  the  Non- 
eleCtric  :  The  Divergency  will  gradually  leften,  "till 
it  becomes  parallel,  by  approach iug  nearer  with  the 
Non-eleCtric.  Again,  if  the  Non-eleCtric  be  held3 
not  direCtly  before  the  End  of  the  Wire,  but  wide 
and  diftant  about  two  Inches  therefrom,  ^he  ifiuing 
Matter  will  defcribe  curvilinear  Rays  towards  fuch 
Non-eleCtric. 

8.  If  a  Perfon  holds  a  fpoonful  of  v/armed 
Spirits  of  Wine  or  Oil  of  Turpentine  within  an 
Inch  or  two  of  the  Finger  of  a  Perfon  who  is 
electrified,  the  Fluid  and  Spoon  being  Non- 
eleCtrics,  will  attraCt  the  electrical  Matter  from 
his  Body,  fa  as  to  fet  the  Spirits  or  Oil  on  Fire. 

E  9.  If 
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gt  If  a  Perfon  be  bled  in  the  Arm,  and  the 
Height  to  which  the  Blood  rifes  be  well  obferved : 

If  this  Bleeding  Perfon  be  immediately  electrified, 
his  Blood  will  be  found  to  rife  to  almoft  double  the 
former  Height,  and  the  Globules  towards  the  Top 
of  the  Stream,  being  now  electrified,  and  therefore 
may  be  confidered  as  Eleffirics  ptr  fe ,  will  repel  one 
another  :  But  as  foon  as  he  leaves  the  eleCtric  Body 
upon  which  he  ftands,  or  difengages  himfelf  from 
the  Bar,  the  Blood  will  immediately  leffen  in  its 
Height y  and  it  will  alternately  rife  and  fall  as  he 
touches  and  quits  the  Bar.  The  like  may  be  done 
by  electrifying  a  Copper  Fountain  when  the  Jet  is 
fet  going. 

io.  If  a  light  Wheel  of  Paper,  made  in  much 
the  fame  Manner  with  the  Leaves  of  a  Water- 
Mill,  having  a  Needle  for  its  Axis,  be  thence  fuf- 
pended  by  a  Loadftone,  and  held  oppofite  the  End 
of  an  electrified  Wire  or  Sword,  it  will  be  carried 
round  with  a  furprizing  Velocity. 

n.  If  a  Vial,  clofely  covered  with  Lead,  or 
any  other  Non-eled  ric,  be  filled  with  Iron  or  Steel 
Filings,  and  fecurely  corked  up,  has  a  Wire  in- 
ferted  through  the  Cork,  and  Filings  contained  in 
the  Vial,  the  Cork  being  well  covered  with  Wax, 
be  electrified,  the  Vial  by  that  Means  will  contain 
a  great  Quantity  of  Effluvium  :  If  then  a  Perfon 
takes  hold  of  another  Wire  or>Chain  iffuing  either 
from  the  Top  of  the  inferted  Wire,  or  from  the 
Bar,  by  one  Hand,  and  he  gives  bis  other  Hand  to 
another,  and  that  fecond  his  other  Hand  to  a  third, 
and  fo  on  with  ever  fo  many  Perfons  ;  then,  if  the 
laft  Perfon  of  this  Chain  of  Perfons  touches  the 

Bar 
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Bar  with  his  Finger,  or  a  Wire,  the  ele&ric  accu¬ 
mulated  Matter  will  inftandy  explode,  and  all  the 
Perfons  compofing  the  faid  Chain,  will  feel  a  very 
fenfible  Shock  at  the  fame  Moment ;  which  Shock 
may  be  encreafed  to  a  furprizing  Degree,  if  two  or 
three  fuch  Vials  be  eleftrified  in  the  like  Manner  - 
which  will  be  manifeft  from  what  has  been  already 
faid. 

The  Caufe  of  Gravity,  as  well  as  thofe  of  Mag* 
netifm  and  Electricity,  having  not  hitherto  been 
fufficiently  accounted  for  by  the  moft  Ingenious** 
we  therefore  wave  any  Attempt  of  that  Na¬ 
ture, 
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CHAP.  II. 


Sir  Isaac  Newton’s  Laws  of 
Nature,  or  Laws  of  Motion  ex¬ 
plained. 


Law  I. 


rO 


mov - 


Every  Body  will  continue  in  its  State  of  Reft .  of 
ing  uniformly  in  a  right  Line  ;  except  fo  far  as  it 
is  compelled  to  change  that  State  by  Forces  impreffed . 


THERE  being  in  all  Bodies  a  certain  inacti¬ 
vity  whereby  they  oppofe  every  Change  ; 

therefore  a  Body  at  Reft  would  remain  fo  for  ever, 
except  it  were  compelled  to  change  that  State  by  a 
Force  impreffed.  In  the  fame  Way,  a  Body  in 
Motion  would  for  ever  continue  to  move  forward 
in  a  Right  Line,  if  fome  Force  did  not  oppofe  its 
Progrefs;  for  there  is  not  required  a  lefs  Force  to 
ftop  the  Motion  of  any  Body,  than  was  before 
neceffary  to  give  that  Body  Motion.  Since  then 
the  Vis  Incertire ,  or  Inactivity  of  Matter  equally 
refills  equal  Changes,  it  will  not  be  lefs  powerful 
to  continue  a  Body  in  Motion,  than  to  preferve 
a  Body  in  a  State  of  Reft. 

Law 
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Law  II. 

*The  Change  of  Motion  is  always  proportionable  to  the 
moving  Force  impreffed ,  and  is  always  according  to 
the  right  Line  in  which  that  Force  is  imprefjed .. 

For  if  any  Force  or  Power  gives  a  certain  Mo¬ 
tion  to  a  Body,  a  double  Force  will  give  it  a  dou¬ 
ble,  and  a  triple  Force  a  triple  Motion  :  And  this 
Motion  will  be  in  the  fame  Direction  with  the 
Force  impreffed,  becaufe  it  folely  arifes  from  it  * 
nor  can  any  Body  change  from  this  Direction  it 
acquires  from  the  firfb  impreffed  Force,  except  it  be 
actuated'  on  by  fome  new  Force  which  is  in  a  diffe¬ 
rent  Direction  :  So  that  if  this  new  Force  be  in 
the  fatpe  Direction  with  the  firft  acquired  Motion 
of  the  Body,  it  will  add  to  that  Motion  ;  and  if  it 
be  oppoled  to  the  firft  Motion  in  an  oppofite  Di¬ 
rection,  it  will  retard  it  •,  but  if  it  be  impreffed  on 
the  firft  Motion  in  an  oblique  Direction,  it  will  be 
compounded  of  the  two  Forces  as  will  be  juft  now 
fhewn.  . 

Law  III. 

Re-aftion  is  always  equal  and  contrary  to  Aftion  %  or 
the  Aftion  of  two  Bodies  upon  each  other  are  al¬ 
ways  equals  and  in  contrary  Dir  eft  ions*  fthat  is,  by 
Aft  ion  and  Re  aft  ion  equal  Changes  of  Motion  are 
afting  upon  each  other ,  and  thefe  Changes  are  im¬ 
preffed  towards  contrary  Parts . 

Whatever  preffes  or  draws  another  Thing  is 
equally  preffed  or  drawn  by  it,  but  in  a  contrary 

Way. 
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Way.  If  a  Horfe  draws  a  Load,  he  is  equally 
drawn  back  by  it ;  for  as  much  as  he  promotes  the 
the  Progrefs  thereof,  fo  much  is  he  retarded  in  his 
Motion  i  that  is,  he,  in  Effect,  is  drawn  back  *,  for 
the  fame  Force  of  Mufcles  and  Sinews  which  he 
exerts  to  draw  the  Load,  would,  if  he  were  freed 
from  it,  carry  him  to  a  much  greater  Diflance  ; 
and  confequently  fo  far  as  his  Progrefs  falls  fhort 
of  that  Di  (lance,  he  is  in  EffeCt  juft  fo  far  drawn 
back  ;  and  the  fame  Motion  he  communicates  to 
the  Load,  fo  much  does  he  loofe  of  his  own,  the 
Load  retracing  upon  him  with  the  fame  Force  he 
acts  upon  it:  For  which  Reafon  if  the  Weight  of 
the  Load  be  increafed  fo  as  to  require  the  Horfe’s 
whole  Strength,  no  Motion  will  enfue. 

When  a  Loadflone  attracts  Iron,  it  is  equally  at¬ 
tracted  by  it.  For  let  a  Piece  of  Iron  and  a  Load- 
Itone  of  equal  Weight  be  fufpended  by  Cords  of 
equal  Lengths,  and  let  them  be  within  the  Sphere 
of  Attraction  ;  then  they  will  mutually  move  to¬ 
wards  each  other,  and  meet  at  the  middle  Point  of 
their  firft  Diflance :  And  if  either  be  fixed  it  will 
attract  the  other.  And  the  like  obtains  in  all  Kinds 
of  Attraction. 

If  there  be  two  Boats  of  equal  Dimenfions,  or  of 
the  fame  Quantity  of  Matter  placed  by  each  other, 
if  a  Perfon  in  either  pufhes  the  other  Boat  they  will 
both  equally  recede  from  the  Place  they  were  in 
together.  But  if  one  Boat  contains  double  or  tri. 
pie  the  Quantity  of  Matter  of  another  Boat  ;  and 
thefe  Boats  be  placed  by  each  other,  if  a  Perfon 
in  either  pufhes  the  other  Boat,  the  fmaller  Boat 
will  recede  twice  or  three  Times  as  far  as  the  lar¬ 
ger  3 
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ger  ;  that  is,  the  Velocity  of  the  fmaller  Boat  will 
be  two  or  three  times  greater  than  that  of  the  larger, 
tho*  the  Momentum ,  or  Quantity  of  Motion  in  each, 
that  is,  the  Force  imprefs'd  upon  each  will  be  the 
fame  j  Action  and  Re-a£fcion  being  equal  and  conu 
trary.  In  the  fame  Way,  if  a  Man  in  a  Boat, 
which  lies  on  one  Side  of  a  Man  of  War,  whole 
Quantity  of  Matter  is  1000  Times  greater  than 
that  of  the  Boat,  the  Boat  will  then  fly  1000  Times 
farther  from  the  Man  of  War  than  the  Man  of 
War  will  from  the  Boat  1  thus,  if  the  Boat  flies 
10  Feet  from  the  Man  of  War,  the  Man  of  War 
will  have  flown  but  the  one  hundreth  Part  of  a 
Foot  from  the  Boat  *,  yet  the  Moment,  or  Quan¬ 
tity  of  Motion  in  each  will  be  the  fame.  Hence,  if 
one  in  a  Boat  pufhes  againfl  a  Rock  or  Shore,  the 
Boat  will  recede  from  either,  while  the  Rock  or 
Shore  is  immoveable :  For  the  whole  Earth,  of 
which  either  is  but  a  Part,  is  inconceiveably  large 
with  refpedf  of  the  Boat  and  therefore  the  Velo¬ 
city  of  the  former  may  be  efteemed  nothing  in 
refped;  of  what  is  found  in  the  latter. 

Or  a  Stone  in  the  Air  as  much  gravitates  the 
Earth  as  the  Earth  does  the  Stone  *,  that  is,  a  Stone 
as  much  draws  the  Earth  towards  it  as  the  Earth 
does  the  Stone  ;  but  becaufe  the  Quantity  of  Mat* 
ter  in  the  Stone  is  infinitely  lefs  than  that  in  the 
Earth,  the  Velocity  of  the  Stone  will  be  infinitely 
greater  than  that  of  the  Earth  *,  for,  phyficaliy 
fpeaking,  that  of  the  Earth  will  be  nothing,  which 
will  eafily  appear  upon  a  Calculation. 

When  a  Boat  is  rowed  with  Oars,  the  Ends  of 
the  Oars  drive  the  Water  backwards,  but  the  Wa¬ 
ter 
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'j  ter  aCting  upon  the  Oars  forces  them  with  the 
I  Boat  to  which  they  are  fixed  forwards :  For  if  the 
Oars  had  nothing  to  aft  on,  there  could  be  no  Re¬ 
action  or  Motion,  fince  no  Force  could  be  im- 
p  refled.  Seeing  therefore  a  Boat  is  carried  for¬ 
wards  by  the  Re-aCtion  of  the  Water  on  the  Oars, 
it  follows  that  the  broader  the  Blades  or  Ends  of 
the  Oars  be,  or  the  greater  Number  there  are  of 
them,  or  the  fwifter  the  Strokes  are,  the  greater 
the  ACtion  muft  be  againft  the  Water,  and  of 
Courfe  the  greater  the  Re-aCtion,  and  the  Progrefs 
of  the  Boat  muft  be. 

Hence  becaufe  fwiming  is  nothing  elfe  than  a 
Rowing  with  Hands  and  Feet ;  it  is,  that  Perfons 
are  carried  forwards  in  the  Water.  In  like  Man¬ 
ner  Birds  fly  ;  for,  by  ftriking  the  Air  downwards 
with  their  Wings,  the  Re  action  of  the  Air  drives 
them  upwards  •,  and  in  ftriking  the  Air  with  their 
Wings  backwards,  the  Re-aCtion  of  the  Air  gives 
them  a  progreflive  Motion. 

By  thefe  Laws  it  will  be  eafy  to  prove,  that. 

If  a  Body  be  affied  upon  by  two  Forces  in  different 9 
but  not  opp o fit e  Dire 51  ions ,  they  will  defcribe  the  Dia¬ 
gonal  of  a  Parallelogram  in  the  fame  Fime^  that  each 
Force  acting  feperately  upon  it  will  defcribe  the  Sides . 

Fig.  ii.  Let  A  reprefent  a  Ship  at  Sea,  and  that 
it  is  drove  by  the  Wind  in  the  Direction  of  the  Line 
AB,  at  the  Rate  of  eight  Miles  an  Hour  from  A 
to  B,  in  a  Current  that  fets  in  the  Direction  of  the 
Line  AD,  at  the  Rate  of  four  Miles  an  Flour :  By 

thefe 
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theffe  two  Forces  adting  together  on  the  Ship  at  A* 
it  will  at  the  End  of  the  Hour  be  found  at  C,  after 
having  defcribed  the  Diagonal  of  the  Parallalo 
gram  AC, 

For  the  Force  AB  will  not  hinder  the  Ship  to 
approach  the  Line  CD,  which  is  parallel  to  it  5 
neither  will  the  Force  AD  hinder  the  Ship  to  ap* 
proach  the  Parallel  BC  :  therefore  the  Ship  at  the 
End  of  an  Hour  will  be  found  in  the  Point  C. 

If  both  Forces  adt  upon  a  Body  fo,  as  each  will 
give  it  an  uniform  Motion,  the  Diagonal  defcribed 
will  be  a  right  Line  as  above.  But  if  one  of  the 
Forces  adts  in  fuch  a  Manner  as  to  make  the  Body 
move  fafter  and  faFer,  while  the  other  adts  uni¬ 
formly  on  it,  then  the  Diagonal  defcribed  by  thefe 
Forces  jointly  will  be  a  Curve  :  Thus,  Fig .  12* 
Suppofe  one  Force  to  drive  a  Body  from  A  in  the 
Diredfion  AF,  fo  as  to  make  it  move  through  the 
equal  Spaces  AB,  BC,  CD,  &c.  in  equal  l  imes  1 
then  fuppofe  another  Force  to  adl  upon  a  Body  at 
A,  in  the  Diredtion  of  the  Line  A/,  in  fuch  a 
Manner  as  to  make  it  defcribe  the  unequal  Spaces 
Ab ,  cd,  de,  &c,  in  equal  Times  \  thefe  two  Forces 
will  caufe  theBody  to  defcribe  the  CurveA ,g,k,i,kj. 
If  the  Spaces  Ab,  he ,  cd>  &c.  be  the  Spaces  through 
which  a  Body  falls  by  the  Force  of  Gravity  in 
equal  Times,  the  Curve  Ag,b,i,k,l  will  be  fuch  as  is 
defcribed  by  a  Projedtile,  as  a  Bail  from  a  Gun, 
and  is  called  a  Parabola.  For,  fuppofe  in  the  fame 
Time  that  the  Force  of  Powder  drives  the  Ball 
from  A  to  B,  that  Gravity  would  caufe  it  to  rail 
from  A  to  3,  the  Body  in  that  Time  would  ck-i  bribe 
the  Diagonal  Ag,  by  the  foregoing  Rule  :  But,  in 

F  double 
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double  Time,  Gravity  will  caufe  the  Body  to 
defcend  four  times  as  far,  or  to  c  ;  and  the  force 
of  Powder  will  carry  it  to  twice  its  former  Dif- 
tance,  or  to  C  ;  fo  that  at  the  End  of  the  lecond 
part  of  Tiijie  the  Body  will  be  found  at  b: 
And  in  like  Manner,  at  the  End  of  the  third 
Part  of  Time  the  Body  will  be  found  at  i  \  at 
the  fourth,  at  k  j  at  the  fifth,  at  /,  &c.  and  thus 
the  Curvp,  fwhich  by  Writers  of  Projedtiles, 
is  demon firated  to  be  that)  of  the  Parabola,  is 
generated. 

It  will  be  here  neceftary  to  fay  fomething 
concerning  abfolute  and  relative  Motion. 

Abfolute  Motion ,  is  the  Motion  of  a  Body 
when  it  moves  from  another  which  is  at  Reft. 
And  relative  Motion ,  is  the  Motion  of  a  Body 
when  it  moves  from  another  which  is  alfo  in 
Motion,  at  the  fame  Time. 

We  cannot  be  fure  that  any  Thing  we  know 
of  is  at  Reft: ;  for  though  we  may  imagine  any 
Body  to  be  at  Reft,  yet  there  may  be  ftill  fome 
very  diftant  Body  perfectly  quiefcent,  with  re- 
fped  to  which  it  may  change  its  Pofuion,  or 
really  move. 

Whenever  the  whole  is  moved,  all  the  Parts 
iyill  partake  of  that  Motion,  though  thefe  Para 
are  relatively  at  Reft,  or  with  refpe<ft  to  each 
other:  Thus  the  feveral  Parcs  cf  a  Ship  under 
Sail,  as  well  as  thofe  of  the  Loading,  though 
they  are  relatively  at  Reft,  yet  they  are  all  really 
in  Motion  along  with  the  Ship:  And  therefore 
every  particular  Part  is  difpofed  to  move  with 
the  fame  Celerity  as  the  whole,  though  it  fhpuld 


be 
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be  feparated  therefrom,  or  though  the  Reft 
fhou’d  ftop  on  a  fudden  and  their  Motion  ceafe. 
Thus  if  a  Ship  be  under  Sail,  and  a  Perfon 
lets  a  Stone  or  any  heavy  Body  fall  from  the 
Maft  Head,  it  will  fall  exadlly  at  the  fame  Dift 
tance  from  the  Foot  of  the  Maft,  as  if  the  Ship 
Were  at  Anchor  ;  and  all  Motions  upon  the  Decks 
and  Bodies  hanging  perpendicularly,  are  the  fame 
as  if  the  Ship  were  at  Reft,  every  Part  having  a 
Difpofition  and  a  fufficient  Force  to  move  with  the 
fame  Degree  of  Celerity  with  the  Ship;  for,  if  the 
Ship  were  fuddenly  flopped  by  ftriking  again  ft 
a  Strand,  or  any  large  Body  ;  the  Perfons  from 
the  Difpofition  of  Motion  in  them,  would  fall 
forwards,  and  at  fir  ft  fetting  off,  they  will  be  apt  ^ 
to  fall  backwards,  in  as  much  as  the  Motion  is 
not  as  yet  communicated  to  them. 

If  a  Stone  be  whirled  about  in  a  Sling,  the 
Stone  and  that  part  of  the  Sling  in  which  it  lies, 
have  the  fame  Velocity  becaufe  they  defcrihe 
the  fame  Circles :  But  becaufe  all  Bodies  affedt 
to  move  in  a  right  Line,  the  Stone  would  fly 
off  in  every  Part  of  its  Orbit,  if  it  were  not  pre¬ 
vented  by  the  String ;  for  as  foon  as  the  String 
is  let  go,  or  breaks,  the  Stone  will  no  longer 
continue  its  Circular,  but  will  break  out  inttf 
a  redtilinear  Motion.  This  Endeavour  of  the  Stone 
to  break  out  of  its  circular  Motion,  into  a  Tan¬ 
gent,  is  called  its  Centrifugal  Force ,  and  is  the 
Caufe  of  ftretching  the  String;  for  the  fwjfter 
the  Stone  is  whirled  and  the  greater  its  Weight 
be,  the  greater  will  be  the  Tendon  of  the  Stringy 

F  2  or 
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or  the  more  it  will  be  ftretched  :  And  this  Cen¬ 
trifugal  Force  can  proceed  from  no  other  Caufe 
but  the  Endeavour  which  all  Bodies  have  to  move 
in  aright  Line  :  Arid  in  like  Manner  if  the  Earths 
Motion  were  fuddenly  to  eeafe,  all  moving  or 
loofe  Bodies  thereon  would  fly  off  with  a  violent 
Motion, 


CHAP.  III. 


Of  the  fimple  mechanical  Powers ,  namely 9 
j,  The  Ballance .  2,  The  Lever.  3,  The 

Pulley .  4,  The  Axis  in  Peritrochio ,  or 

Axis  in  the  Wheel .  5*  The  Wedge ,  and 
6,  The  Screw.  With  the  Nature  of  Pen¬ 
dulums. 

/  .  L 

IF  two  Bodies  ©F  different  Quantities  of  Mat¬ 
ter  or  Bulks  be  impelled  with  equal  Forces, 
they  are  then  faid  to  have  a  like  Moment  or 
Quantity  of  Motion,  tho’  the  Velocity  or  Celerity 
of  the  Greater  will  be  Ids  than  that  of  theLeffer; 
as  before,  and  therefore  a  Body  however  fmall, 
may  have  a  Moment  equal  to  that  of  another 
Body  how  ever  great.  Thus  if  there  be  two 
Bodies  whofe  Quantities  of  Matter  are  as  10  to' 
1,  and  their  Moments  equal,  then  the  Celerities 
will  be  as  1  to  10,  or  the  greater  Bodies  Celerity 
will  be  iq  Times  lefs  than  that  of  the  leffer ; 

that 
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that  is  when  the  Moments  are  equal,  their  Celeri¬ 
ties  will  be  reciprocally  proportionable  to  thofe 
Bodies ;  and  the  Produtt  arifmg  from  the  Quan¬ 
tity  of  Matter  into  the  Celerity  of  one,  will  be  r. 


equal  to  that  which  arifes  from  the  Quantity  of 
Matter  into  the  Celerity  of  the  other  :  Ancf  on 
the  contrary,  when  thefe  Products  are  equal,  their 
Moments  or  entire  Forces  are  fo  too,  and  there¬ 
fore  the  Moments  of  Bodies  are  ufually  exprefted 
by  the  Quantity  of  Matter  into  the  Celerity. 
Upon  this  Principle  depends  the  whole  of  Me¬ 
chanics.  For  in  all  Engines  whatloever,  the 
greatnefs  of  the  Weight  or  Refiftance,  muft  be 
compenfated  by  the  Celerity  of  the  Power  to  raife 
it;  that  is,  the  Celerity  of  the  Power  muft  be  to 
that  of  the  Weight  as  the  Weight  is  to  the  Power. 


I,  Of  the  Ballance . 


A  Ballance  is  a  Beam  fupported  by  an  Axis  up¬ 
on  which  it  turns,  which  Axis  is  the  Center  of 
Motion ;  the  Parts  of  the  Beam  lying  on  each 
Side  of  it  are  called  the  Brachia  or  Arms:  And 
thofe  Parts  of  the  Arms  to  which  the  Weights 
are  applied,  are  called  the  Points  of  Sufpenjicn ; 
And  it  Matters  not,  whether  the  impending 
Weight  be  fuftained  by  a  fhort  or  a  long  Cord,  ^ 
for  Gravity  „  acts  equally  jat  final!  unequal  Diftan- 
ces. 


That  a  Ballance  may  be  exa ft  it  is  requifite, 
I  ft.  that  (Fig.  13 .)  the  Center  of  Gravity  of 
the  Beam  be  a  little  below  the  Axis,  or  Center 
of  Motion,  for  when  there  is  an  Equilibrium  the 

//  /  A/  beam 
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Beam  will  not  reft  but  in  an  horizontal  Pofition, 
and  therefore  the  Weights  which  are  compared 
together  are  equal.  But  if  the  Axis  be  below 
the  Center  of  Gravity  (Fig.  14O  and  the 
Center  of  Gravity  be  moved  out  of  the  Perpen¬ 
dicular  Line,  it  will  not  return  from  its  Tendancy 
to  move  downwards,  for  which  Reafon  the 
Weights  will  appear  to  be  unequal,  though  in 
Reality  they  are  not  fo.  And  the  fame  Incon¬ 
venience  will  arife,  if  the  Axis  paffes,  through  the 
Center  of  Gravity,  (Fig.  15.)  for  notwithftand- 
ing  the  Equilibrium,  the  Beam  will  reft  in  any 

Pofition#  * 

2.  The  Arms  ought  to  be  of  equal  Weight  and 
Length. 

3.  The  Points  of  Sufpenfion  fhould  be  in  a 
right  Line  with  the  Center  of  Gravity  of  the 
Beam. 

4.  The  Fri£Hon  of  the  Beam  againft  the  Axis 
Should  be  as  little  as  poffible.  Then  equal  Weights 

Hufted  to  either  Scale  will  preferve  an  Equilibrium, 
For  if  the  Beam  be  confidered  as  an  inflexible 
Line  whofe  Middle  Point  is  the  Center  of  Mo¬ 
tion,  and  the  Extremities,  the  Points  of  Suf¬ 
penfion  ;  it  is  plain,  if  it  be  moved  on  its  Center 
that  thofe  Points  will  defcribe  equal  Arches,  and 
therefore  that  they  have  the  fame  Celerity  which 
being  multiplied  into  equal  appending  Weights, 
the  Products  or  Moments  being  equal,  an  Equi¬ 
librium  will  arife. 

But  if  the  Center  of  Motion  be  not  in  the 
Middle  of  the  Line,  the  Points  of  Sufpenfion 

will  not  defcribe  equal  Arches,  for  the  Arches 

* 

defcribed 
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defcribed  by  them  though  they  are  like,  will  00c 
be  equal  to  each  other,  but  will  be  proportionable 
to  their  refpe&ive  Diftances  from  the  Center 
of  Motion;  and  therefore  the  Celerities  of  thefe 
Points  will  be  proportionable  to  their  Diftances 
from  the  Center  of  Motion:  Wherefore  in  Or¬ 
der  that  an  Equilibrium  may  be  obtained,  the  Ap¬ 
pending  Weights  muft  be  reciprocally  Propor¬ 
tionals  to  the  Diftances  of  the  Points  of  Sufpeo- 
lion  from  the  Center  of  Motion  ;  in  Order  that 
the  Moments  may  be  equal. 

Fig.  1 6.  Thus  if  the  Diftance  of  the  Axis 
from  the  Points  of  Sufpenfion  be  as  6  ta  5,  the 
appending  Weights  muft  be  as  5  to  6  to  preferve 
an  Equilibrium:  For  6  multiplied  into  5,  wifi 
be  equal  to  5  multiplied  into  6  :  And  therefore 
the  Moment  is  the  fame  on  either  Side.  That 
is  5  Pounds  at  the  Diftance  of  6  Inches  from 
the  Axis,  will  maintain  an  Equilibrium  with  6 
Pounds  at  the  Diftance  of  5  Inches. 

Hence  a  deceitful  Ballance  may  be  conftrufted* 
for  6  Pounds  will  appear  equal  in  weight  to  5 
Pounds,  fo  that  a  Perfon  may  be  defrauded  of 
a  Pound  at  every  Draft :  But  if  one  be  fufpicious 
of  any  Defign  of  this  Nature,  let  the  Weights 
be  ftiifted  into  the  contrary  Scales  and  the  De¬ 
fraud  will  inftantly  appear,  for  6  into  6  is  greater 
than  5  into  5,  and  then  the  Moments  will  be 
unequal. 

Fig.  17.  If  feveral  Weights  be  appended  at: 
feveral  Diftances  from  the  Axis,  and  if  the  Mo¬ 
ment  or  Sum  of  the  Products  of  each  Weight  into 
its  Diftance  on  one  Side,  be  equal  to  the  Moment 

or 
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or  Sum  of  the  Products  of  each  Weight  into  its  Dif- 
tance  on  the  other  Side,  an  Equilibrium  will  arife. 

Thus  i©  into  5  ^  50 

6  into  4  =  24  7  into  10^70 

3  into  8  —  24  4  into  7  28 

Sum  98  98  Sum 

Hence  it  is  eafy  to  conceive  how  one  and  the 
fame  Weight  may  bailance  different  Weights: 

Fig.  1 8,  Thus,  one  Pound  at  the  Diflance  of 
20  will  either  bailance  20  Pound  at  the  Diflance 
of  one,  10  Pound  at  the  Diflance  of  2,  5  Pound 
at  the  Diflance  of  4,  4  Found  at  the  Diflance 
of  5,  2  Pound  at  the  Diflance  of  10,  or  one 
Pound  at  the  Diflance  of  20: 

PJence  alio  ,it  appears  that  the  Weights  of  diffe¬ 
rent  Bodies  may  be  found  by  one  Weight  only,  as 
in  the  Stater  a  Romana  or  Steel  Yard,  Fig .  19* 
Thus,  if  a  Beam  AB  be  divided  into  11  equal 
Parts,  and  if  the  lafl  10  of  thefe  or  the  Diflance 
CB  be  again  fubdivided  into  10  other  Parts,  the 
Diflance  CB  will  then  confifl  of  100  equal  Parts: 
Kow  if  the  Axis  or  the  Center  of  Motion  be 
placed  at  C,  at  the  Diflance  of  one  of  the  larger 
Parts  from  the  Point  of  Sufpenfion  A,  from 
whence  any  Body  W  whofe  Weight  is  required, 
mull  be  appended*  and  if  on  the  contrary  Arm,  there  j 
be  a  moveable  given  weight  P  appended  ^  it  is  plain 
that  by  removing  it  to, or  from  theCenter  of  Motion 
C/till  anEqulibrium  be  maintained, that  the  W  eight 
of  the  Body  W  may  be  difcovered :  For  if  the 
Weight  P  at  the  Diflance  of  8  Equiponderates 

that 
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that  of  W,  at  the  Diftance  of  one,  from  C  5 
then  the  Weight  W,  is  eight  Times  as  heavy 
as  the  given  Weight  P. 

II,  Of  the  Lever . 

A  Lever  is  fuppofed  to  be  an  inflexible  Line 
void  of  all  Gravity  ;  though  fuch  as  are  common¬ 
ly  ufed,  are  both  flexible  and  weighty. 

In  every  Lever  there  is  an  immoveable  Point, 
about  which  as  a  Center  all  the  Parts  of  it  turn  ; 
and  whatsoever  fupports  that  Point  is  called  the 
Fulcrum  or  Prop :  And  with  regard  to  the  diffe¬ 
rent  Situations  of  the  moving  Power  and  Prop,, 
the  Lever  is  divided  into  three  Kinds, 

1.  Where  the  Fulcrum  is  placed  between  the 
moving  Povfer  and  the  Weight  to  be  raifed. 

Thus,  Fig .  20.  if  in  railing  a  Weight  W  of 
100  Pounds,  there  be  applied  a  Lever  WP  whofe 
Length  is  36  Parts,  and  the  Biftance  of  the 
Weight  W  to  be  raifed  to  the  Fulcrum  F,  be  6  of 
diofe  Parts  j  then  a  Weight  or  Power  of  20 
Pounds  being  applied  to  the  other  End  of  the 
Lever  at  P,  will  be  iufficient  to  bring  it  to  main¬ 
tain  an  Equilibrium,  as  in  the  Ballance ;  becaufe 
the  Moments  100  into  6,  and  20  into  30  are 
equal  ;  which  Power  P  if  it  be  ever  fo  little 
encreafed  will  be  fufficienc  to  raife  the  Weight  W, 
Such  Levers  are  commonly  ufed  for  railing 
Stones,  and  in  this  Cafe  the  more  weighty  the 
Lever  or  Quarry -crow  is,  the  rnoreufeful  muft  it -be* 
becaufe  the  Weight  of  that  Part  of  the  Crow 
which-  lies  beyond  the  Fulcrum,  far  exceeds  the 

G  k  other 


A  COURSE  of 


other  Part  in  Length,  and  adting  in  Conjunc¬ 
tion  with  the  Power,  thereby  facilitates  the  raifing 
ot  Stones  or  other  Weights. 

To  this  kind  of  Lever  may  be  reduced  t  ump- 
handles  ;  and  feveral  other  Inftruments,  fuch  as 
Sciffars,  Pincers,  Snuffers,  &c.  which  are  com- 
pofed  of  two  Levers  whofe  Fulcrum  is  the 
Revit; 

2.  The  fecond  kind  of  Lever  has  the  Fulcrum 
atone  Fnd  and  the  Power  at  the  other.  Fig .  zi • 

This  kind  of  Lever  is  therefore  never  ufed 
but  in  Cafes  of  Neceffity,  or  where  the  Weights 
to  be  raifed  cannot  be  managed  in  a  more  con¬ 
venient  Manner:  becaufe  it  is  evident,  the  Power 
which  is  requisite  to  raife  the  Weight,  muft  be 
greater  than  it,  As  in  Cafe  of  a  Ladder,  which 
being  fixed  or  kept  down  at  one  End,  is  raifed 
by  the  Affiftance  of  one  or  more  Men,  ’till  they 
arrive  to  its  Center  of  Gravity  ;  and  then  it  be¬ 
comes  a  Lever  of  the  third  Kind. 

To  this  fecond  Kind  of  Lever  may  be  reduced 
Oars,  Wheel -barrows.  Drays,  Cars,  Nut-crakers, Cut¬ 
ting-Knives  the  moving  of  Doors  on  Hinges,  &c. 

Since  in  this  Lever  the  Diftance  from  the 
Weight  to  the  Fulcrum,  is  lefs*  than  is  the 
Power  to  it  *  it  is  evident  that  there  cannot  be 
a  Ballance  in  any  Cafe  but  where  the  Weight 
exceeds  the  Power. 

If  two  Men  carry  a  Burthen  between  them, 
**  as  a  Sedan-chair,  a  Weight  on  a  Hand  barrow 
or  on  a  Pole  or  Staff  ^  it  is  plain  they  both  fuftain 
the  Weight,  and  that  when  it  is  in  the  middle 
between  them,  that  each  fuftai ns  one  half  of 
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die  Weight:  But  when  the  Weight  is  nearer 
to  one  than  the  other,  he  bears  mofl  that  is 
neareft  to  it,  in  that;  Proportion  that  the  other 
is  fart  he  A:.,  from  it:  For  the  refpeftive  Powers 
are  reciprocally  as  their  Diltances.  Now  the 
Poles,  may  be  imagined  as  Levers  of  the 
fecond  Kind,  and  each  Man’s  Shoulder  as 
a  Fulcrum  with  Refped  to  the  otfieri  fo  that 
the  nearer  the  Weight  is  to  the  Fulcrum,  and  the 
farther  the  Power  is  from  it,  the  greater  is  the 
Advantage, 

This  is  alfo  applicable  to  the  Cafe  of  two 
Horfes  of  unequal  Strength,  to  be  yoaked  fo 
to  a  Draft  that  each  may  draw  in  Proportion  to 
its  Strength  ;  which  is  done  by  dividing  the  Beam 
fo,  as  that  the  Point  of  Traftion  be  as  much 
nearer  to  the  ftronger  Horfe,  as  his  Strength  is 
greater  than  that  of  the  other. 

3.  A  Lever  of  the  third  Kind,  is  when  the 
Power  is  between  the  Weight  and  Fulcrum. 
Fig.  22. 

To  this  are  generally  referred  the  Bones  of  a 
Man’s  Arm  or  Leg ;  for  when  we  lift  a  Weight  in  the 
Hand,  the  Mufcle  that  is  exerted  to  raife  that 
Weight  is  fixed  to  the  Bone,  about  one  tenth 
Part  as  far  from  the  Elbow  as  the  Hand  is  ;  and 
the  Elbow  being  the  Center  about  which  the  Arm 
turns,  the  Mufcle  therefore  muft  exert  a  Force 
ten  Times  greater  than  the  Weight  raifed. 

Hence  we  may  eafily  calculate  the  Strength 
of  the  Mufcles  in  any  Part  of  the  Body,  by 
trying  how  much  they  can  lift  at  any  Diflance 
from  the  Center. 

G  2 


Hence 


44  'A  COURSE  of 

Hence  alfo  any  Thing  is  with  moft  Difficulty 
lifted  at  Arms  Length,  the  Shoulder  being  the 
Fulcrum,  and  the  Weight  being  at  a  greater  Dif- 
tance  from  it  than  if  it  were  at  the  Wrift  or 
Elbow;  and  a  Stick  is  more  difficultly  raifed  at 
full  Length  than  at  the  Middle,  becaufe  the  Cen¬ 
ter  of  Gravity  of  the  Stick  in  the  former  Cafe, 
is  farther  from  the  Fulcrum  than  in  the  latter. 

In  a  Compound  Lever  made  of  feveral  fingle 
Levers  of  the  fame  Kind,  the  Power  will  be  to 
the  Weight  in  a  Ratio  compounded  of  the  feve¬ 
ral  Ratios,  which  thofe  Powers  feverally  have 
when  applied  to  the  Weight,  Thus  Fig.  23.  If 
the  Power  of  the  Lever  A  be  to  the  Weight  to 
be  raifed  as  1  to  5,  that  of  the  Lever  B  to  the 
fame  Weight  as  t  to  4,  and  that  of  the  Lever 
C  to  the  fame  Weight  as  1  to  5  ;  then  the  Power 
of  one  Pound  being  applied  to  the  End  of  the 
Lever  C,  will  fupport  the  Weight  of  100  Pounds 
at  the  End  of  the  Lever  A,  fince  5  into  4  and 
that  into  5  are  equal  to  100,  and  1  into  1  and  that 
into  1  will  ftill  make  but  1  :  For  at  the  right  Hand 
End  of  the  Lever  A,  the  Weight  will  be  one 
fifth  lefs,  or  20  Pounds  ;  at  the  right  Hand  End 
of  B,  it  is  one  fourth  lefs  than  20  Pounds,  or 
5  Pounds ;  and  again  at  the  right  Hand  End  ofC, 
it  is  5  Times  lefs  than  5  Pound,  or  but  one 
Pound, 


III.  Of  the  Pulley . 

The  Pulley  is  a  fmall  Wheel  that  turns  about 
its  Axis*  which  has  a  drawing  Rope  palling  over 

'  ‘  •  it 


Experimental  Philosophy*  45 

it*  and  is  ufed  in  raifing  Weights*  it  is  of  two 
Kinds ;  fixed,  and  moveable. 

The  fixed  Pulley  is  of  no  other  Ufe  but  to 
raife  the  Weight  in  a  different  Diredtion,  than 
in  being  over  it  to  raife  it  perpendicularly,  fince 
it  does  not  in  the  leaft  afiift  the  Power*,  (Fig.  24) 
for  whatever  be  the  Space  through  which  the 
Power  P  moves  by  drawing  the  Rope  AP,  the 
Weight  W  mu  ft  in  the  fame  Time  be  drawn 
through  an  equal  Space*,  and  therefore  the 
Weight  will  be  fupported  by  a  Power  which  is 
equal  to  it.  N,  B.  In  all  the  following  Machines 
cf  Pulleys ,  W  fignifits  the  Weight  to  he  raifed ,  and 
P  the  Power . 

Fig.  25.  When  a  Pulley  to  which  there  is  a 
Weight  fixed,  is  placed  in  the  double  of  a  Rope, 
whofe  End  is  faftned  to  a  Hook  H*,  it  is  plain  that 
to  raife  the  Weight  one  Foot,  each  Side  of  the 
Rope  mu  ft  be  fhortened  one  Foot,  counting  from 
the  Hook  downwards  *,  that  is,  the  Power  muft  be 
raifed  two  Foot  in  Order  to  raife  the  Weight 
one,  or  the  Celerity  of  the  Power  muft  be  double 
to  that  of  tfte'weight *,  and  alfo  becaufe  the 
Power  fuftains  but  half  the  Weight,  the  other 
half  being  fuftained  by  the  Hook  ;  the  Power  is 
to  the  Weight  as  1  to  2,  and  therefore  its  Moment 
will  be  equal  to  the  Moment  of  the  Weight  and 
will  luftain  it:  And  this  is  juft  the  reverfe  of  the 
fixed  Pulley. 

In  a  Machine  confining  of  fome  fixed  and  other 
.  ° 

moving  Pulleys1,  and  which  have  one  common 
Rope  to  all  ;  if  one  End  of  the  Rope  be  fixed, 
the  Power  muft  be  to  the  Weight  as  one  is  to 

twice 


46  A  COURSE  of 

* 

twice  the  Number  of  moveable  Pulleys,  for  the 

Celerity  of  the  Power  is  to  that  of  the  Weight 

in  a  like  Proportion:  Thus,  (Fig.  2 6)  if  there 

be  one  fixed  and  one  moveable  Pulley,  the  Power 

muft  be  half  the  Weight;  and  if  two  Pulleys 

are  fixed,  and  two  moveable,  (Fig.  27,  28.)  the 

Power  muft  be  one  fourth  of  the  Weight,  and 

the  Celerity  of  the  Power  will  be  four  Times 

greater  than  that  of  the  Weight,  fo  that  for 

every  Foot  the  Weight  is  railed,  the  Power  muft 

* 

defcend  four  Feet.  And  in  the  General,  if  there 
be  ever  fo  many  Perfleys  fome  fixed  and  others 
moveable  having  one  common  Rope,  the  Power 
i  muft  be  to  the  Weight,  as  one  is  to  twice  the 
*\  Number  of  moveable  Pulleys;  and  the  Celerity  of 
the  Power  to  that  of  the  Weight  will  be  in  a  like 
Proportion;  fo  that  if  there  are  3,  4, or  5  movea¬ 
ble  Pulleys,  the  Power  muft  be  one  fixth,  one 
eighth,  or  one  tenth  of  the  Weight,  and  for 
every  Foot  the  Weight  rifes,  the  Power  will 
defcend  6,  8  or  10  Feet ;  or  that  Length  of  Rope 
or  Cord  will  defcend,  for  every  Foot  the  Weight 
is  raifed. 

Fig.  29.  If  the  Rope  inftead  of  being  fixed 
at  one  End  be  faftened  to  the  Weight  or  to  the 
Block  which  fupports  the  moveable  Pulleys,  fo  as 
to  rife  therewith,  as  in  this  Machine  confifting 
of  two  moveable  Pulleys ;  the  Power  will  be  to 
the  Weight,  as  one,  is  to  twice  the  Number 
moveable  Pulleys  more  by  one  ;  and  the  Celerity 
of  the  Power,  will  be  to  that  of  the  Weight  in 
alike  Proportion.  In  this  Cafe  therefore  the  Power 
muft  be  one  fifth  of  the  Weight,  and  for  every 

Foot 
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Foot  the  Weight  rifes,  the  Power  will  defcend 
five  Feet. 

Fig.  30.  If  to  any  of  the  foregoing  Machines 
be  added  a  Runner,  that  is,  a  lingle  moveable 
Pulley  which  has  its  own  Rope  diftinft,  fixed 
at  one  End  and  the  other  fattened  to  a  Block  ; 
the  Force  of  the  former  Machines  will  be  doubled 
by  this  additional  Pulley :  For  fince  the  Point 
M  moves  with  twice  the  Celerity  of  the  Weight, 
as  in  the  fingle  moveable  Pulley,  'and  the  Power 
with  five  Times  the  Celerity  of  M,  then  the 
Power  will  have  ten  Times  the  Celerity  of  the 
Weight,  and  confequently  the  Power  will  fuftain 


twice  the  Weight  it  did  before. 


Fig.  31.  If  a  Machine  be  combined  of  one 
fixed  and  ieveral  moveable  Pulleys,  fo  that  every 
moveable  Pulley  has  a  feperate  Rope  of  its  own; 
then,  the  Power  will  be  to  the  Weight,  as  one, 
is  to  the  laft  Term  of  a  duple  Progreflion  whofe 
firft  Term  is  one,  and  the  Number  of  Terms 
one  more  than  the  Number  of  moveable  Pulley  s 
Thus,  in  this  Cafe,  if'  one  be  added  to  four, 
the  Number  of  moveable  Pulleys ;  the  Number  of 
Terms  in  the  Progreffion  mutt  be  five:  Then 
fince  one  is  the  firft  Term,  the  laft  will  be  16 ; 
For  one  doubled,  will  be  equal  to  two,  for  the 
fecond  Term ;  two  doubled,  will  be  equal  to 
four,  for  the  third  Term ;  four  doubled,  will 
be  equal  to  eight,  for  the  fourth  Term;  and 
eight  doubled,  will  be  equal  to  fixteen  for  the 
fifth  Term  :  So  the  Power  will  be  to  the  Weight 
as  one  to  fixteen.  For  the  Celerity  of  the  Power 
is  to  that  wherewith  the  Pulley  Q  rifes,  as  two 
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to  one;  fo  likewife  is  die  Celerity  of  G  to  that 
of  H,  as  two  to  one;  alfo  the  Celerity  of  H  to 
I,  and  I  to  that  of  K  as  two  to  one  :  Wherefore 
if  the  Celerity  of  the  laft  Pulley  K  or  the  Weight 
be  one,  the  Celerity  of  I  will  be  two,  of  H 
four,  of  G  eight,  and  of  the  Power  P  fixteen. 

Tho’  this  Engine  be  of  greater  Force  than  any 
wherein  there  is  the  fame  Number  of  moveable 
Pulleys,  yet  in  as  much  as  upon  that  very  Ac¬ 
count  only  it  is  that  the  Weights  rife  but  (lowly, 
it  is  therefore  but  feidom  ufed  ;  for  Men  chufe 
rather  an  Engine  of  two  fixed,  and  two  moveable 
Pulleys,  with  one  common  Rope  ;  and  if  there 
be  Occafion  to  double  the  Force,  this  may  be  done 
by  the  Addition  of  a  Runner. 

IV.  Of  the  Axis  in  Peritrochio ,  or  the  Axis 

in  the  Wheel . 

Fig.  $2  This  Engine  which  is  a  very  Ample  one, 
confifts  of  a  Wheel  fixed  to  an  Axis  that  turns 
along  with  the  Wheel;  its  Manner  of. railing 
Weights  is  thus:  The  Power  P  being  applied 
to  fome  Part  of  the  Wheel’s  Circumference  at 
A,  turns  the  Wheel  together  with  its  Axis,  and 
thereby  raifes  one  or  more  Weights  W,  W,  on 
different  Parts  of  the  Axis ;  and  becaufe  the 
Wheel  A,  and  its  Axis  revolve  together ;  in 
whatever  Time  the  Power  P  moves  through  a 
Space  equal  to  the  Circumference  of  the  Wheel 
A,  the  Weight  muff  in  the  fame  Time  be 
raifed  through  a  Space  equal  to  the  Circumference 
of  that  Part  of  the  Axis  to  which  the  Weight  is 

appended 
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appended ;  therefore  the  Celerity  of  the  Power 
will  be  to  that  of  the  Weight,  as  the  Circumfe¬ 
rence  of  the  Wheel  is  the  Circumference  of  the 
Axis  •,  and  becaufe  the  Circumferences  of  Circles 
are  to  each  other  as  their  Diameters  ;  the  Celerity 
of  the  Power  will  be  to  that  of  the  Weight,  as  the 
Diameter  of  the  Wheel  is  to  the  Diameter  of  the 
Axis  *,  if  therefore  the  Power  be  to  the  Weight,  as 
the  Diameter  of  the  Axis  to  the  Diameter  of  the 
Wheel,  the  Power  will  then  juft  fuftain  the  Weight : 
Thus,  if  the  Diameter  of  the  Wheel  be  five  In¬ 
ches,  and  that  of  the  Axis  one  Inch,  a  Power  of 
one  Ounce,  or  one  Pound,  being  appended  from 
any  one  Point  of  the  Circumference  of  the  Wheel, 
will  fupport  a  Weight  of  five  Ounces,  or  five 
Pounds  which  is  appended  from  the  Axis  •,  and  if 
the  Diameter  of  the  Wheel  be  ten  Inches,  and  that 
of  the  Axis  one  Inch,  then  one  Ounce  at  the 
Wheel,  will  fuftain  ten  Ounces  at  the  Axis. 

When  the  parts  of  the  Axis  differ  in  Thicknefs, 
as  B  and  C  do  *,  if  Weights  be  hung  at  thefe  Parts, 
they  may 'be  fupported  by  one  Power  applied  to 
the  Wheel,  provided  the  Product  of  the  Power 
into  the  Diameter  of  the  Wheel,  be  equal  to  the 
Sum  of  fhe  Produds  of  the  feveral  Weights,  into 
the  Diameters  of  the  Parts  of  the  Axis  from  whence 
they  are  appended  :  Thus,  if  the  Diameter  of  the 
Wheel  A  be  ten  Inches,  and  the  Power  P  be  two 
Pounds,  the  Produd  will  be  20  \  and  if  the  Dianne* 
ter  of  that  part  of  the  Axis  B  be  four  Inches,  and 
the  Weight  W  be  three  Pounds,  the  Produd  will 
be  12  \  and  again,  if  the  Diameter  of  that  part  of 
the  Axis  C  be  one  Inch,  and  the  Weight  eight 

H  Pounds, 
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Pounds,  the  Prod u 61  will  be  8  ;  then  the  Power 
P  will  fuftain  the  Weights  W.W,  in  as  much  as 
the  firft  Product  20,  the  Moment  of  the  Power, 
is  equal  to  the  Sum  of  the  other  two  Products  i% 
and  8,  theMomentsof  theWeights. 

This  may  be  applied  to  the  Machine  generally 
ufed  in  failing  Water  from  Wells  *,  for  if  at  , 
Handle  projects  five  Inches  from  the  Center  of  the 
Axis,  and  it  be  turned  about,  the  Diameter  of  the 
Circle  it  defcribes  will  be  ten  Inches.  If  then  the 
Diameter  of  the  Axis,  about  which  the  Rope  from 
the  Bucket  revolves  be  one  Inch,  then  a  Power  of 
20  Pounds  at  Diameter  ten,  will  fuftain  a  Weight 
of  200  Pounds  at  the  Axis  where  the  Diameter  \% 
one  •,  for  20  into  id  or  200  the  Moment  of  the 
Power,  is  equal  to  200  into  1  the  Moment  of  the. 
Weight. 

The  like  may  be  alfo  applied  to  a  perpendicular 
Axis,  with  crofs  Bars  running  through  it,  for  raif- 
ing  Weights  from  Ships,  which  Machine  ufually 
bears  the  Name  of  a  Crane9  and  is  placed  on  Quays 
■Where  Goods  are  landed  ;  alfo  to  raife  Stones  for 
Buildings  to  any  aftigned  Height,  with  the  help  of 
a  fixed  aud  moveable  Pulley ;  which  Things  are 
fo  frequently  feen,  that  it  is  needlefs  here  to  illuf- 
£rate  them  by  any  Scheme  or  Figure  •,  it  may  be 
alfo  applied  to  Calanders  ufed  in  fmoothing  Linen., 
to  Winilafjes  and  Capftrons  in  Ships,  to  a  Spit  for 
roaft/ng  Meat  ;  becaufe  the  greater  the  Diameter 
of  the  Wheel  the  Chain  is  fet  into,  be,  the  Ids 
Weight  or  Power  to  the  Jack  will  be  fuiHcient  to 
turn  the  Spit,  and  any  Meat  on  it  :  And  to  many 
other  Ufes  of  the, like  Nature, 

V.  Of 


Experimental  Philosophy. 


V.  Of-  the  Wedge. 

Fig.  33.  In  cleaving  Timber  with  a  Wedge,  the 
Force  of  the  Strokes  on  its  Bafe  AD,  is  looked 
upon  as  the  moving  Power,  and  the  Cohefion  of 
the  Parts  of  the  Timber,  as  the  Refinance  or 
Weight  to  be  moved. 

Then  if  the  Power  be  to  the  Refinance,  as  half 
the  Breadth  of  the  Wedge  is  to  its  Side,  the  Power 
will  be  equal  to  the  Refiflance  ;  and  if  the  Power 
be  increafed  it  will  overcome  it. 

From  B  the  middle  Point  of  the  Bafe,  let  the 
Line  BE  be  drawn  perpendicular  to  the  Side  CD  ; 
and  the  Line  BC  the  Height  of  the  Wedge  per¬ 
pendicular  to  AD,  bifedting  the  Angle  ACD„ 

When  the  Wedge  is  driven  into  a  Piece  of 
Timber  by  Strokes  of  a  Mallet  from  C  to  B,  then 
CB  will  exprefs  the  Celerity  of  the  Wedge  ;  and 
the  Refiftance  of  the  Wood  in  cleaving,  or  the 
Celerity  of  the  refilling  Body  on  each  Side  of  the 
Wedge,  will  be  expreffed  by  BE  which  is  the 
Sine  of  the  Angle  BCE  :  Therefore  that  the 
Moment  of  the  Mallet,  may  be  equal  to  that  of 
the  Reliftance,  they  mu  ft  be  inverfely  to  each 
other  as  their  Celerities  •,  that  is,  the  Power  or 
Strokes  on  the  Mallet,  mu  ft  be  to  that  of  the  Re- 
fiftance,  Cohefion,  or  Texture  of  the  Wood  to  be 
rent  or  cleaved,  as  BE  to  BC,  that  is  by  fimilar 
Triangles,  as  BD,  half  the  Bafe  of  the  Wedge 
is  to  DC  the  Side  ,  or  as  AD  is  to  AC  and  CD,  or 
to  2  CD. 

H  2 
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Hence  it  follows  that  Fimilar  Wedges  are  of 
eqft'aEJ^prces  ;  becaufe  in  thefe  the  Angle  BCE 
remains  the  fame,  the  Line  BE  which  express 
the  Refi (lance,  being  the  Sine  of  an  Angle  of  the 
fame  Number  of  Degrees  will  be  alfo  the  fame  : 
But  in  diilirnilarWedges  the  Powers  to  be  applied 
will  be  diredfly  as  the  Sines  of  the  Angle  BCE 4 
that  is,  as  the  Sines  of  the  Angles  BCE  increafe, 
the  Forces  or  Powers  requifite  to  rend  the  Timber 
with  Wedges  will  be  in  the  like  Proportion,  which 
may  be  further  confirmed  by  the  following  Ex¬ 
periment  = 

If  two  equal  Cylinders  rowling  on  their  Axes  > 
along  the  Edges  of  two  horizontal  Rulers,  be 
drawn  together  by  aWeighe  of  2000  Grains,  which 
is  applied  to  a  Cord,  whofe  Ends  are  faftened  to 
the  two  Cylinders  •,  then  if  there  be  three  Wedges 
feverally  applied  between  the,  Cylinders  each 
of  three  Inches  height,  with  the  Weight  of  300 
Grains  appended  to  the  firft,  600  to  the  fecond, 
and  900  to  the  third,  they  will  feverally  be  drawn 
down  by  their  refpe&ive  Weights.  In  this  Ex¬ 
periment  the  Force  which  unites  the  Cylinders, 
together  with  the  Fridlion  of  their  Axes  are  con- 
fidered  as  the  Refiftance,  and  the  Wedge  with  its 
appending  Weight  as  the  Power. 

VI.  Of  the  Screw . 


The  Screw  confifts  of  two  Parts  the  Male  and 
the  Female,  the  prominent  Parts  of  the  Thread  of 
the  Male,  exactly  fitting  the  Cavities  of  the 
Female.  The  chief  Ufe  of  this  Machine  is,  to 
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one^Faft  Is  ^frequently  fixed,  while*  the  other  is 
turned  round,  and  of  Courfe  the  Power  muft  move 
quite  round  the  Cylinder,  before  the  Weight  or 
Refi (lance  afeends  from  one  Spiral  winding  to  ano¬ 
ther  :  By  as  much  therefore  as  the  Circumference 
of  the  Cylinder  is  greater  than  the  Diftance  or  In¬ 
terval  between  the  Spiral  Lines,  by  juft  fo  much 
may  the  Power  be  lefs  than  the  Weight  in  order 
to  Ballance  it.  It  therefore  manifeftly  follows, 
that  the  greater  the  Circumference  of  the  Cylinder* 
and  the  fmaller  the  Diftances  of  the  Helixes  or”/- 
Spirals  are,  the  greater  is  the  Force  of  the  Screw, 

This  Inftrument  is  attended  with  a  very  confi- 
derable  Fridtion  of  the  Parts  againft  one  another, 
and  it  is  much  greater  in  this  than  in  any  of  the 
other  Mechanical  Powers :  On  which  Account 
only,  the  Experiments  ufed  to  fhew  the  Force  of 
the  Screw,  vary  more  than  any  of  the  reft  from 
the  Theory. 

Sometimes  an  Axis  in  Peritrochio  is  applied  to 
this  Inftrument,  upon  Account  of  the  Time  loft 

in  fhifting  its  Handle,  as  well  as  to  increafe  the 
Power. 


In  an  Engine  compounded  of  feveral  of  the 
Mechanical  Powers,  it  will  be  found  a  Matter  of 
no  great  Difficulty  to  compute  the  Force  of  the 
Whole,  from  the  Force  of  every  Part  ;  if  what 
has  already  been  faid  be  duly  attended  to  ;  or  by 
tracing  through  the  Whole,  the  fuperior  Degree 
of  Celerity  with  which  the  Power  moves,  when 

compared 
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compared  with  the  Weight  or  Refiftance  that  is  to 
be  raifed  or  overcome. 

But  in  computing  the  Power  of  any  Engine 

it  mu  ft  be  obferved,  that  an  Allowance  muft  be 

•  ?  » 

made  on  the  Account  of  Friction  •,  becaufe  no 
‘Engine  can  be  made  fo  perfectly  fmooth  and  exadt, 
as  to  be  free  of  it,  and  thereby  fome  of  its  Force 
is  loft. 

From  what  has  been  faid,  it  is  plain,  that  the 
greater  the  Celerity  of  the  Power  be,  the  greater 
Weight  it  will  raife,  and  therefore  it  is  impoffibie 
that  the  fame  Power  can  raife  a  Weight  of  one 
Pound,  and  then  a  Weight  of  two  Pounds,  with¬ 
out  increafing  its  Celerity  *,  And  that  no  Engine  can 
pojfibly  be  contrived  fo ,  as  to  gain  Power  without  - 
hofing  Pime  :  Thus  it  is  eafy  by  any  of  the  fore¬ 
going  Powers,  to  make  one  Perfon  raife  a  Weight, 
equal  to  what  too  fuch  Perfons  could  jointly  ac> 
eomplifh,  but  that  Perfon  muft  be  allowed  ioo 
Ti  mes  the  Time  to  do  it. 

Of  Pendulums . 

A  Pendulum  is  a  Weight  or  heavy  Body  hanging 
at  the  End  of  a  String,  by  whole  Vibrations  or 
Swings,  Time  is  meafured  evenly. 

The  fmall  Vibrations  or  Arches,  which  are 
defcribed  by  the  fame  Pendulum,  though  they  be 
unequal,  are  yet  performed  very  nearly  in  the 
fame  Time:  For  if  two  Pendulums  of  equal 
Lengths,  be  put  in  Motion  together  at  one  Mo¬ 
ment,  having  raifed  one  higher  than  the  other, 
before  they  are  let  go  5  it  is  plain  the  Arches 
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defcribed  by  one,  will  be  greater  than  thofe  de¬ 
fended  by  the  other;  and  yet  they  will  be  found  to 
be  defcribed  in  the  fame  Time  very  nearly  ;  for  in 
one  hundred  Vibrations  the  Difference  of  Time 
will  not  be  one  Vibration.  — 

Fig.  34,  The  Times  wherein  Pendulums  of 
unequal  Lengths  perform  their  Vibrations,  are  to 
one  another  inverfely  as  the,^q.uare-&oats^of  the  ^ 
Lengths.  Thus,  if  the  Pendulum  A  of  25  Inches 
long,  and  the  Pendulum  B  of  36  Inches,  be  let  to 
fwing  together  ;  then  A  will  be  found  to  perform 
6,  in  the  fame  Time  that  B  performs  5  Vibrations, 
thefe  Numbers  being  the  Square  Roots  of  their 
Lengths  36  and  25.  Or  if  the  Pendulum  B  were 
4  Times  as  long  as  the  Pendulum  A  ;  A  will  per¬ 
form  2  Vibrations  in  the  fame  Time  that  B  will 
perform  one,  thefe  Numbers  being  the  Square 
Roots  of  4  and  1, 

It  is  agreed  that  in  our  Latitude,  a  Pendulum  of 
39.2  Inches  long,  will  in  a  fecond  of  Time  per¬ 
form  one  Vibration  ;  and  therefore,  that  a  Pendu¬ 
lum  of  9.8  Inches  long,  will  perform  two  Vibra¬ 
tions  in  a  fecond  ;  becaule  39,2  is  to  9,8  as  4  to 
i,  therefore  1  Vibration  of  the  longer  Pendulum 
will  be  performed  in  the  fame  Time  that  the  fhorter 
performs  2. 

The  Length  of  a  Pendulum  is  meafured  from 
the  Center  of  Sufpenfion ,  or  Point  upon  which  it 
Swings,  to  the  Center  of  Ofcillation ,  or  to  the 
Center  or  Middle  of  the  Ball  or  Bob,  in  which 
Center  if  all  the  Matter  of  the  Pendulum  were 
collected  it  would  Vibrate  in  the  fame  Time- 
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The  Time  of  the  Vibration  of  a  Pendulum  is 
not  altered  by  changing  the  Ball  or  Weight  ;  for 
it  has  been  already  fhewn  in  Page  10.  that  light  and 
heavy  Bodies  defcend  with  equal  Swiftnefs,  or  in 
the  fame  Time,  provided  they  meet  with  no  Re- 
fiftance  from  the  Air,  which  in  heavy  Bodies  is 
very  inconfiderable  j  and  therefore  how  heavy  fo 
ever  the  Weight  be,  the  Time  of  a  Vibration  will 
be  the  fame,  while  the  Pendulum  continues  of  the 
fame  Length  :  For  if  two  unequal  Weights,  ap¬ 
pended  by  Threads  of  equal  Length,  be  let  fall 
together  from  the  fame  Height,  they  wiil  continue 
to  perform  their  Vibrations  in  the  fame  Time. 

From  what  has  been  faid  it  is  plain,  that  becaufe 
one  Vibration  of  a  Pendulum  of  39.2  Inches  long, 
is  performed  in  a  Second  of  Time,  it  will  be 
eafy  to  difcover,  in  what  Time,  any  other 
Pendulum  of  a  different  Length  will  perform 
its  Vibrations  ^  or  if  the  Time  be  given,  the 
Length  of  the  Pendulum  may  be  obtained  ;  but 
due  Confideration  is  to  be  had,  that  the  longer 
Time  a  Pendulum  takes  to  perform  one  Vibration,, 
the  fewer  of  fuch  Vibrations  will  be  performed  in 
any  given  Time,  as  iman  Hour  or  a  Minute,  that 
is  in  either  Cafe  the  Proportion  will  be  lnverfe„ 
Thus,  if  a  Pendulum  vibrates  30  Times  in  a  Mi¬ 
nute,  and  its  Length  be  required  •,  fay  as  900  the 
Square  of  30,  is  to  3600  the  Square  of  60,  or 
the  Square  of  the  Number  of  Vibrations  perform* 
ed  in  one  Minute  by  a  Pendulum,  whofe  Length  is 
39.2  ;  fo  is  that  Length  39.2  to  156  8  Inches  the 
Length  of  the  Pendulum  required.  And  on  the 
contrary,  if  it  were  required  to  find  the  Number 

of 
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of  Vibrations,  a  Pendulum  of  156.8  Inches  long 
will  perform  in  a  Minute;  then  156.8  is  to  39*2 
as  3600  is  to  900,  the  Square  Root  of  which  30 
will  be  the  Number  of  Vibrations,  a  Pendulum 
of  156.8  Inches  long  will  perform  in  a  Minute. 
Or  which  is  the  fame  Thing,  becaufe  firll  900  is 
to  3600  as  1  to  4,  therefore  156.8  the  Length 
of  the  Pendulum,  which  will  Vibrate  30  Times  in 
a  Minute,  mull  be  4  Times  longer  than  39.2,  the 
Length  of  the  Pendulum  that  Vibrates  Seronds, 
or  60  Times  in  a  Minute.  And  fecondly,  becaufe 
156.8  is  to  39.2,  as  4  is  1,  therefore  the  one 
fourth  Part  of  3600  or  900  mull  be  the  Square  of 
the  Number  of  Vibrations,  which  a  Pendulum  of 
156.8  Inches  long  will  perform  in  a  Minute,  and 
confequently  the  Number  of  fuch  Vibrations  will 
be  30. 

Again,  let  it  be  required  to  find  the  Length  of 
a  Pendulum,  that  will  Vibrate  as  often  in  a  Minute, 
as  it  is  Inches  in  Length. 

The  Square  of  60  or  3600,  the  fecond  Term 
being  multiplied  into  the  third  Term,  39.2  will 
give  1 41 120  for  the  Product  of  the  Means,  and 
as  that  Number  therefore  mull  be  alfo  equal  to  the 
Product  of  theExtreams;  it  follows,  that  becaufe 
the  Number  of  the  Vibrations,  of  the  required 
Pendulum  in  a  Minute,  are  in  this  Cafe,  equal  to 
the  Number  of  Inches  in  the  Pendulum’s  Length, 
therefore,  the  Square  of  them  Vibrations  being 
multiplied  into  the  Inches  in  Length,  or  which  is 
the  fame  Thing,  the  Cube  of  the  Length,  or  of 
the  Vibrations  in  a  Minate,  will  be  the  Product  of 
the  Extreams,  which  as  before,  mull  be  141 120, 

I  or 
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or  the  fame  as  that  of  the  Means ;  wherefore  the 
Cube  Root  141120,  which  is  52,  mu  ft  be  the 
Inches  contained  in  the  Length  of  a  Pendulum, 
that  will  Vibrate  52  Times  in  a  Minute. 

Since  it  is  well  kn  >wn  that  ail  Metals  expand 
with  Heat,  therefore  the  Pendulums  of  Clocks  be* 
come  longer  in  Summer  than  in  Winter,  and  on 
this  account  Clocks  go  flower  in  Summer  than  in 
Winter,  inalmuch  as  the  Vibrations  of  their  Pen¬ 
dulums  become  flower,  by  their  being  lengthened 
by  Heat :  For  this  Reafon,  there  is  a  Screw  under 
the  Bob,  or  Weight  of  every  Clock  Pendulum,  by 
which  Means,  the  Length  of  the  Pendulum  may 
be  increafed  or  dimini  (lied,  in  order  to  make  the 
♦  Clock  keep  due  Time  ;  that  is,  that  the  Length 
of  the  Pendulum  may  always  be  39.2  Inches  for 
this  Latitude. 

We  have  here  faid,  that  two  Pendulums  of  the 
fame  Length,  describing  unequal  Arches,  will 
make  their  Vibriations  nearly  equal  in  a  given 
Time,  but  not  exaflly  fo  •,  and  therefore  it  mud 
follow,  that  becaufe  the  Vibrations  are  not  pre¬ 
cisely  equal,  that  fuch  Pendulums  cannot  be  ad¬ 
mitted  to  be  an  accurate  Divifion  of  Time,  inaC 
much  as  very  fmall  Differences  will  in  Time 
amount  to  a  fufficient  large  Difference,  as  Expe¬ 
rience  has  taught  us.  Wherefore  that  the  Vibra¬ 
tions  of  Pendulums  may  be  rendered  precifely 
equal  and  exadf,  whether  the  fame  Pendulum  de- 
fcribes  greater  or  lefs  Arches,  fo  as  thatTime  may 
be  meafured  with  the  utmoft  accuracy  Monfieur 
Huygens,  dilcovered  a  Method,  whereby  a  Pern 
dulum  by  moving  in  the  Curve  of  a  Cycloid \ 

wifi 
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will  amply  and  unerringly  fnpply  whatever  was 
before  defective. 

Fig.  35.  if  a  Circle  touching  the  right  Line  AB, 
in  the  Point  A,  be  moved  from  A  along  that  Line§ 
in  the  Manner  of  a  Wheel  from  A  to  B,  fo  as  to 
perform  one  entire  Revolution ;  then  the  Point  C 
will  defcribe  a  Curve  Line  ACB,  which  is  called 
the  Cycloid  :  And  a  Pendulum  is  made  to  move  in 
this  Curve  thus,  let  the  Axis  of  the  Cycloid  which 
bife£ts  the  Bafe  perpendicularly,  be  produced  the 
contrary  Way  towards  E  till  DE  be  equal  to  DC  % 
th  rough  the  Points  A  and  E,  and  B,  let  two  Semi™ 
Cycloids  AE,  EB  be  drawn  each  equal  to  half 
ACB,  their  Vertices ,  or  Tops  being  at  A  and  B  ; 
then  if  EA  and  EB  be  two  Plates  of  fome  Breadth, 
and  a  Pendulum  of  the  Length  of  EC,  appended 
from  the  Point  E  be  made  to  Vibrate  between 
thefe  Plates  *,  its  upper  Part  which  Is  ufuajly  made  v 
flexible,  will  apply  itfelf  to  that  Plate,  towards  which 
the  Body  moves,  by  which  Means  it  will  move  in 
the  Cycloid  ACB,  and  meafure  Time  equally  , 
which  has  been: fully  proved,  by  the  Author  Mon- 
fieur  Huy  gen  Dr.  M^allis ,  Mr.  Cotes ,  and  many 

others. 
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CHAP.  IV. 

Of  Hydroflatics  or  the  Properties  of  Fluids. 

TJTDRO  STAT ICS  when  invented  by  Ar- 
*  chimedes ,  confided  only  in  the  Art  of  weigh¬ 
ing  Bodies  in  IVater  ;  but  it  now  comprehends  the 
Nature  and  Properties  of  Fluids  in  general. 

A  Fluid  in  general  is  a  Body,  whofe  Parts  yield 
to  the  lead;  Predure,  and  in  yielding  are  eafily 
moved  one  among  another. 

The  condiment  Particles  of  a  Fluid  mud:  be 
very  fmall,  hard,  round  and  fmooth  •,  we  mud 
grant  that  they  are  very  fmall,  becaufe  they  are 
not  to  be  diitinguifhed  even  with  the  Abidance  of 
the  bed  Microfcopes  ;  that  they  are  hard,  becaufe 
no  Fluid  is  compreffible,  or  can  poffibly  be  pref- 
fed  together  into  a  lefs  Space,  than  that  which  it 
naturally  poffefeth  5  (except  Air  or  Steam,  of 
which  hereafter)  and  that  they  mud  be  round 
and  fmooth,  becaufe  the  Particles  or  Parts,  eafily 
yield  to  any  impreded  Force  orpredfure. 

It  is  mod  certain,  that  Fluids  as  well  as  Solids 
confid  of  heavy  Particles,  whofe  Gravity  is  ever 
proportionable  to  the  Quantity  of  Matter  which 
they  contain  ;  and  therefore  it  follows,  that  the 
Surface  of  a  Fluid  will  be  fmooth  and  level,  if  it 
be  not  actuated  on  by  fome  extraneous  Caufe  ;  for 

ill  ould 
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fhould  any  Part  be  higher  than  tha  reft,  it  muft 
defcend  by  the  Force  of  Gravity,  and  fo  fpread 
itfeif  till  it  comes  on  a  Level  with  the  reft  *,  or 
Phyfically  fpeaking,  till  it  partakes  of  the  EartlPs 
Rotundity. 

Fig.  36.  The  Force  of  Gravity,  likewife  occa- 
fiOHS  the  lower  Parts  of  Fluids,  to  be  preffed 
with  a  Force  that  is  proportionable  to  their  per¬ 
pendicular  Height  from  the  Surface:  For,  fuppofe 
the  Fluid  in  the  Veffel  AE,  to  be  divided  into 
feveral  equal  Parts,  by  the  Lines  A,B,C,D,E; 
then  its  plain,  that  the  loweft  Part,  or  that  under 
the  Line  E,  mu  ft  fuftain  a  Preffure  of  all  thoie 
Parts  which  are  over  it,  and  that  the  Parts  D  or  C, 
will  alfo  be  preffed  by  thofe  Parts  which  are  above 
them  •,  and  therefore  any  Part  of  the  Fluid,  or 
any  Body  which  is  immerfed  in  any  Part  of  the 
Fluid,  will  fuftain  a  Preffure  which  will  be 
greater  or  lefs,  as  its  Diftance  is  from  the  Surface, 
or  a  Preffure  which  will  be  proportionable  to  its 
perpendicular  Height  from  the  Surface.  Thus  an 
empty  Bottle,  being  clofe  corked  up,  and  funk  to 
a  great  Depth  in  the  Sea,  will  either  be  preffed 
together  by  the  Force  of  the  incumbent  Water, 
or  will  have  its  Cork  thruft  into  it.  Which  Ex¬ 
periment  is  well  known  to  Sea-Men. 

Since  therefore  the  Parts  of  a  Fluid  which  are 
at  equal  Depths  below  the  Surface,  are  equally 
preffed,  they  muft  confequently  be  at  reft,  and 
not  in  continual  Motion,  as  fomc  would  have  it  ; 
But  when  this  equality  of  Preffure  is  deftroyed, 
then  it  is  plain,  a  Motion  will  arife  in  the  parts 

of 
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of  the  Fluid,  which  will  continue  till  the  Preflure 
becomes  again  equal. 

The  Force  wherewith  the  lower  Parts  of  a  Fluid 
are  prefled  downward,  exerts  itfelf  equally  in  all 
Manner  of  Directions  •,  Fig .  36,  For  if  an  Orifice 
be  made  at  lin  the  Side  of  a  Veffel  containing  any 
Fluid,  the  Fluid  will  rufii  out  with  the  very  fame 
Velocity,  as  if  it  run  through  a  like  Orifice  made 
at,#  in  the  Bottom,  becaufe  it  will  be  Difcharged 
through  either  in  the  fame  Time:  And  in  like 
Manner,  a  Fluid  will  prefs  upwards  with  an  equal 
Force  ;  for  if  a  Tube  as  n  be  turned  upward?,  the 
Fluid  will  fpout  from  it  almoft  as  high  as  the  Sur¬ 
face  thereof  in  the  Veffel,  and  would  quite  as  high 
if  it  were  not  for  the  Refinance  of  the  Air,  and 
the  Fridlion  of  the  Water  in  the  Pipe  or  Tube, 

Fig,  37,  The  upward  Preflure  of  Fluids  may  be 
alfo  demonftrated  thus:  Take  a  fmooth  Weight  as 
a  Piece  of  Lead,  and  fitting  it  to  the  End  of  a 
Tube,  with  a  wet  Leather  between  them  ;  hold 
the  Weight  by  a  String,  palling  through  its  Cen¬ 
ter  of  Gravity,  keeping  the  Tube  clofe  thereto, 
and  immerfe  it  to  the  Depth  of  iz  Times  its  own 
Thicknefs,  or  more,  inWater  •,  (for  Lead  is  above 
11  Times  heavier  than  WaterJ;  If  then  you  let 
the  String  go,  the  Preflure  of  the  Water  upwards 
againft  the  Weight,  will  Support  and  keep  it  to  " 
the  Tube,  becaufe  the  downward  Preflure  is  taken 
eff  by  the  Tube. 

Or  thus  %  If  a  Piece  of  Paper,  be  put  over  the 
Mouth  of  a  Glafs  full  of  Water,  and  the  Glafs  be 
carefully  turned  with  the  Mouth  downward,  the 
Water  will  remain  fufpended  in  the  Glafs  by  the 

Atmofphere 
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Atmofphere,  or  Air  prefling  upwards,  becaufe  its 
downward  Preflure  is  taken  off  by  the  Glafs. 

The  Preflure  which  the  Bottom  of  a  Veflel 
fuftains  from  a  Fluid  contained  therein,  is  as  the 
perpendicular  Height  of  the  Fluid  only,  and  not 
as  the  Quantity  of  Fluid  the  Veflel  contains. 

Thus,  Fig.  38,  If  an  unequal  bended  Tube 
ABC,  having  its  open  Ends  A  and  C  turned  up¬ 
ward,  has  Water  poured  in  at  either  the  fmaiier 
End  A,  or  at  the  wider  End  C,  it  will  rife  to  an 
equal  Height  in  each  Leg  ;  and  therefore  the 
lateral  or  fide  Preflure  next  the  Bottom  B,  mu  ft  be 
xhanifeftly  the  fame  from  each  :  But  becaufe,  the 
Preflure  of  a  Fluid  on  the  Bottom  of  a  Veflel  has 
been  fhewn  to  be  equal  to  the  lateral  Preflure, 
therefore  the  Bottom  of  the  Veflel  is  equally  pref- 
fed  by  the  Fluid  in  the  fmaller  Leg,  and  by  that 
in  the  greater  One,  or  as  the  perpendicular  Height 
of  the  Fluid  in  each  Leg,  and  not  as  the  Quantity 
contained  in  6ach. 

Hence  arife's  this  Hy  dr  oft  at  teal  Pa^odox^  that  a 
fmali  Quantity  of  a  Fluid  may  be  made  to  prefs  as 
much,  as  any  other  Quantity  how  great  foever ; 
for  if  the  Leg  CB  be  increafed  to  a  Size  however 
great,  and  the  Leg  AC  be  diminifhed  as  fmali  as 
may  be,  or  if  the  Quantity  of  Fluid  contained 
in  each,  be  according  to  any  afligned  Proportion 
whatfoever,  the  Preflures  at  the  Bottom  will  be 
equal,  for  the  perpendicular  Heights  of  the 
Fluid  in  each  Leg  will  be  the  fame. 

Fig  39.  Let  there  be  two  Veflels  A  and  B  filled 
with  Water,  whofe  Bottoms  CD  and  EF  are 
equal,  but  the  Capacities  of  the  Veffdsas  different 
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as  may  be;  if  an  equal  Hole  be  bored  in  the 
Bottom  of  each,  and  the  Veffels  be  kept  con- 
ftantly  -filled  to  the  fame  Height,  the  Water  will 
be  found  to  run  with  an  equal  Celerity  from  each ; 
and  therefore  the  Prefiure  of  the  Fluid  againft 
the  Bottom  of  each  will  be  equal,  fo  long  as  the 
perpendicufar  Height  of  the  Water  remains  the 
fame.  It  therefore  evidently  follows,  that  the 
Banks  of  the  Sea  are  no  more  preffed,  than  thofe 
of  a  Pond  or  of  a  Ditch  of  equal  Depth,  ab- 
drafted  of  the  Force  of  the  Waves,  and  of  the 
Difference  of  Weight  between  Salt  and  Frefh 
Water. 

t 

From  what  has  been  now  faid  it  is  evident, 
that  the  Preffures  on  equal  Bafes  are  as  the  per¬ 
pendicular  Heights  of  the  Fluids  contain’d  in  them 
however  different  the  Veffels  themfelves  be  :  And 
univerfally  that  the  Preffure  on  any  Bafe  is  mea- 
fured,  by  multiplying  the  Area  of  the  Bafe,  into 
the  perpendicular  Height  of  the  Fluid,  without 
regarding  the  Quantity  of  the  Fluid.  Thus  if  two 
Veffels  of  equal  Bafes,  have  5  Inches  depth  of 
Fluid  in  the  one,  and  4  in  the  other  ;  the  Preffure 
on  the  Bafe  of  the  firft,  will  be  to  that  of  the  fe« 
cond,  as  5  to  4  ;  Again,  if  there  be  the  Bafes  of 
two  Veffels,  whofe  Areas  are  as  4  to  1  ;  and  if  the 
Depth  of  the  Fluid  in  the  firft  be  8  Inches,  and 
chat  of  the  fecond  32  ;  then  4  multiplied  by  8  or 
32,  will  Meafure  the  Preffure  on  the  whole  Bottom 
of  the  firft,  and  1  multiplied  by  32,  or  32,  will 
Meafure  the  whHe  Preffure  on  the  fecond  ;  and 
feeing  thefe  Meafures  are  equal,  the  whole  Bottom 
of  the  firft  will  be  prefled  with  a  Weight,  equal  to 

that 
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that  which  preffes  the  whole  Bottom  of  the  fecond0 
But  when  we  fay,  Fluids  prefs  with  a  Force,whicJfi 
is  proportionable  their  perpendicular  Heights,  we 
mean  that  they  prefs  in  that  Proportion,  fuppofng 
their  Bafes  equals  or  that  they  prefs  in  that  Pro¬ 
portion  upon  any  equal  Parts  of  the  Bottoms  or 
Sides  of  VeffeJs,  when  their  Bottoms  are  unequal. 

Sincv.  'he  Bottom  of  a  Veffel,  bears  a  Prdfure 
proportionable  to  the  Height  of  the  Fluids  and 
that  thole  Parts  of  the  Sides  which  are  adjacent  to 
the  Bottom,  bear  a  like  Proportion*  it  therefore 
follows*  that  if  a  Hogfhead  full  of  Liquor  be  fee 
on  an  End*  the  Sides  next  the  Bottom  will  bear 
the  greateft  Strefs*  and  that  the  ftrefs  deefeafes*  j 
juft  as  the  Diftance  from  the  Bottom  increales  % 
for  which  Reaibn  it  is  fit,  that  Veffels  of  a  confi- 
derable  Height,  fhould  be  much  ftronger  at  the 
lower*  than  at  the  upper  Parts,  in  order  that  they 
may  be  enabled  to  fuftain  the  Prdfure. 

The  Prdfure  on  the  Bafe,  being  as  the  Height 
of  a  Fluid,  it  is  eafy  to  conceive*  that  if  a  full 
Hogfhead  be  feton  an  End*  and  a  Pipe  be  inferted 
through  a  Hole  made  in  the  upper  End*  and  filled 
with  a  like  Fluid*  the  Bottom  will  be  as  ftrongly 
preffed,  and  be  in  the  fame  Danger  of  Burfting* 
as  if  the  Hodgfhead  was  continued  to  the  fame 
Height  as  the  Pipe,  and  filled  with  Liquor  *,  and 
that  if  fuel!  a  Pipe  were  continued  to  a  great  Height 
and  filled*  no  Hogfhead  would  be  fufficient  to 
withftand  the  Preffure, 
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Of  the  Specific  Gravities  of  Bodies* 

The  Specific  Gravities  of  Bodies,  are  the  Weights 
of  Bodies  of  the  fame  Size  or  Bulk  when  compared 
to  each  other ;  thus  if  a  Cubic  Inch  of  one  Body 
be  2  or  3  Ounces,  and  a  Cubic  Inch  of  another 
Body  weighs  one  Ounce,  then  the  firft  Body  is 
faid  to  contain  two  or  three  Times  the  Specific 
Gravity  of  the  other,  or  to  be  two  or  three  Times 
Specifically  heavier  than  the  other. 

The  Relative  Weight  or  Gravity  of  a  Body,  is 
the  Excefs  of  it’s  Specific  Gravity,  above  that  of 
a  Fluid,  in  which  it  is  immerfed. 

Fig -  4 o.  A  Body  Specifically  heavier  than  a 
Fluid  when  weighed  therein,  loofes  fo  much  of 
its  Weigh t,  as  is  equal  to  the  Weight  or  Quantity 
•of  that  Fluid  as  big  as  the  Body  :  For,  let  the 
Body  B  be  immerfed  in  the  Vefiel  A,  filled  with 
Water,  it  will  throw  out  of  A  into  the  Vefiel  CQ, 
wherein  it  is  immerfed,  juft  fo  much  Water  as  is 
equal  to  the  Bulk  of  the  faid  Body  B, 

Hence  if  a  Body  be  weighed  in  Water,  and  out 
of  it,  the  Difference  of  Weights,  will  be  the 
Weight  of  a  Quantity  of  Water  as  big  as  the 
Body  :  And  if  the  abfolute  Weight  of  the  Body, 
or  it’s  Weight  out  of  the  Water,  be  divided  by 
the  faid  Difference,  the  Quotient  will  fhew  how 
mu'di  heavier  than  Water  that  Body  is. 

After  this  Manner  the  Specific  Gravities  of 
Bodies  may  be  found.  Thus,  If  a  Quantity  of 
Mercury  Weigh  84  Grains  out  of  Water,  and  78 
/Grains  in  Water,  the  Difference  of  thefe  Weights, 

6  Grains 
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6  Grains  is  the  Weight  of  as  much  Water,  as  is 
equal  in  Bulk  to  the  Mercury  *,  if  then  84  Grains, 
the  abfolute  Weight  of  the  Mercury,  be  divided 
by  the  aforefaid  Difference  6,  the  Quotient  14 
fliews,  that  Mercury  is  fpecifically  heavier  than 
Water. 

By  this  Method,  the  Specific  Gravities  of  feva~ 
ral  Bodies  are  found,  that  is  how  many  Times  they 
$re  heavier  than  Water,  Bulk  for  Bulk^  as  in  this 
Table. 

jf  Table  Jh swing  the  fpeclfic  Gravities  of 
certain  natural  Bodies. 


The  fin  eft  Gold 

19.640 

Standard  Gold  of  England 

18.888 

Mercury 

14.000 

Lead 

ll-32'5 

Fine  Silver 

1  x.091 

Standard  Silver 

*0-535 

Copper  - 

9.000 

Call  Brafs 

8.500 

Steel 

7-852 

Iron  - 

7-643 

A  Diamond 

3.400 

Clear  Glafs  - 

3-150 

Green  Glafs  - 

2.620 

Dry  Ivory  - 

1.825 

Ebony  - 

*•*77 

Human  Blood 

1 .054 

Cows  Milk  - 

1.030 

Sea  Water  - 

1.030 

Common  Water 

1.000 

K  2  Dry 
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Dry  Oak  -  -  - 

Spirit  of  Wine  :  3  66 

Cork  -  *  -  240 

•Pi,'  >  • 1.  a  i  \  ■  . 

The  fpecific  Gravities  of  folid  as  well  as  fluid 
Bodies,  are  different  from  one  another  in  Summer 
and  Winter-  For  in  Summer  all  Things  are 
rarified  by  theSuifs  Heat,  and  in  Winter  they  are 
rondenfed  by  the  Cold.  Yet  this  Rarefaction  or 
Condenfation  is  not  alike  in  alj  Bodies,  but  very 
different,  as  will  appear  by  the  following  Table? 
whigh  Thews  the  Weight  of  a  Cubical  Inch  of 
Paris’^  there  in  Ufe. 


-  a 

In  Su 

MM 

HR-  In  Win 

TER. 

Oz,  Dr. 

Gr. 

Oz. 

Di 

\  Gr. 

Mercury 

7 

I 

66 

7 

2 

*4 

Oil  of  Vitroil 

0 

7 

59 

0 

7 

7i 

Spirit  of  Vitrol  - 

0 

5 

33 

0 

5 

38 

Spirit  of  Nitre  - 

0 

6 

24 

0 

6 

44 

Spirit  of  Salt  r 

0 

5 

49 

0 

5 

55 

Aqua-forti$ 

0 

6 

2: 

0 

6 

35 

Vinegar 

0 

5 

15 

0 

5 

21 

Vinegar  diflilled  - 

0 

5 

1 1 

0 

S 

15 

Spirits  of  Wine  - 

0 

4 

32 

0 

4 

42 

Cowes  Milk  -  - 

0 

5 

20 

0 

5 

25 

River  Water 

-  0 

5 

IO 

0 

5 

*3, 

Well  Water 

*■  0 

5 

I  I 

0 

5 

14 

Water  diflilled 

0 

5 

8 

0 

5 

1 1 

In  the  firft  Table, 

if  the  Point  be 

taken 

from 

the  Numbers,  or  which  is  the  fame  Thing  if 
pach  Number  be  multiplied  by  1000,  you  will 

have 
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have  the  Ounces  Avoirdupois  which  are  contained 
in  a  Cubic  Foot  of  each  Body. 

By  this  Table  may  be  found  the  different 
Quantities  of  two  Metals,  which  Metals  are 
known  to  com  pole  a  Body  however  great  or 
fmalL 

Find  the  Specific  Gravity  of  the  Mixture,  or 
how  many  Times  it  is  heavier  than  Water,  as 
before:  Then  fubftratft  the  Specific  Gravity  of 
the  lighter  Metal,  found  by  the  Table,  from  the 
Mixture,  and  that  of  the  Mixture  from  the  hea¬ 
vier  ;  the  firft  Remainder  will  (hew  the  Bulk 
of  the  Fleavier,  and  the  latter  the  Bulk  of  the 
Lighten  If  thefe  Remainders  be  multiplied  by 
their  refpe<fHve  Specific  Gravities,  the  Produfts 
will  fhew  the  Proportion  of  the  Weights  of  each 
Metal  of  the  Mixture.  Thus; 

Suppofe  there  be  a  Body  weighing  30  Grains, 
which  I  know  to  be  a  Compofition  of  two  Metals, 
as  of  the  fined  Gold  and  Copper,  and  that  I  find 
as  before  the  Specific  Gravity  of  the  Mixture 
to  be  13,  or  that  it  is  13  Times  heavier  than  Wa¬ 
ter.  Required  how  much  of  the  fineft  Gold, 
and  how  much  Copper  there  is  in  the  Mixture* 


From  the  Specific  Gravity  of  the  Body  1.3 
Take  the  Specific  Gravity  of  the 
Copper  as  in  the  Table  -  -  -  j  ^ 


There  remains  the  Bulk  of  the  fineft  Gold  4 


Front 
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From  the  Specific  Gravity  of  fineft  £ 

Gold  in  the  Table  -  -  -  5  4 

Take  the  Specific  Gravity  of  the  Body  13. 


There  remains  the  Bulk  of  Copper 


6.  64 


Then  fineft  Gold  1 9.  64  And  Copper  9. 

MuL  by  4.  Mul.  by  6 .  64 

The  Prop  *  of  Gold  78.  56  Prop,  of  Cop.  59.  78 


So  that  for  every  78. 5-6-  Pounds,  Ounces,  or  Grains 
of  the  fineft  Gold,  there  will  be  59.76  Pounds, 
Ounces,  or  Grains  of  Copper  in  fuch  a  Mixture. 

Let  thefe  Numbers  be  added  together 
Gr. 

78.56 

59- 7  6 

138.32  whoip  Mixture 

Gr.  Mix,  Gr.  Gold  Gr.  Mix.  Gr.  Gold 
Then  fay,  as  138.32  :  78.56  ::  30  :  17 

Gr.  Cop.  Gr.  Cop. 

:  59*76  ::  3°  -  *3 

So  that  the  Body  contains  17  Grains  of  fineft 
Gold,  and  13  Grains  of  Copper. 

N .  ft  This  Procefs  is  only  inferted  for  the  Ufe 
of  Beginners. 

Mg*  42 


# 
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Fig .  41.  A  Body  fpecifically  lighter  than  a 
Fluid  will  fwim  thereon,  in  fuch  a  Manner,  that 
a  Quantity  of  that  Fluid  equal  in  Bulk  with  the 
immerfed  Part  of  the  Body,  will  be  as  heavy  as 
the  whole  Body. 

Let  the  Body  B  be  put  into  a  Veflfel  A  filled 
with  Water  *,  it  will  throw  out  of  the  VefTel  A  into 
the  VefTel  CC  in  which  it  is  placed,  juft  fo  much 
Water  as  will  be  equal  in  Bulk  to  the  Part  irm 
merfed,  and  the  Water  fo  thrown  out  of  the 
VefTel  A,  will  be  exactly  equal  in  Weight  to  the 
whole  Body. 

Hence  the  lighter  a  Fluid  is,  the  deeper  a 
Body  will  fink  in  it,  upon  which  depends 

- The  U/e  of  the  Hydrometer  or  W at  er-poife . 

The  Hydrometer  is  an  hollow  Glafs  or  Ivory 
Ball  with  a  fmall  hollow  Stem  of  about  5  or  6 
Inches  long,  oppofite  to  which  on  the  other  Side 
of  the  Ball  adheres  a  fmaller  Ball  which  is  partly 
filled  with  Mercury,  in  Order  to  keep  the  Stem 
perpendicular  to  the  Fluid  in  which  the  Balls  and 
Part  of  the  Stem  are  immerfed. 

Fig .  42.  The  Ufe  of  this  Machine  is  to  dis¬ 
cover  the  Specific  Gravities  of  Fluids,  and  this 
is  done  by  firft  fetting  it  to  float  in  one  Fluid, 
and  obferving  the  Degree  cut  by  the  Fluid  on 
the  graduated  Stem  which  is  Marked  and  Number¬ 
ed  ;  and  then  by  putting  it  in  any  other  Fluid  and 
obferving  the  Number  on  the  Stem  cut  by  the 
Fluid,  and  this  laft  Number  will  be  to  the  for¬ 


mer 
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mer,  as  the  Specific  Gravity  of  the  firft  is  to 
that  of  the  laft  Fluid  ■  Thus* 

*  The  Hydrometer  being  put  into  Water  Finks 
to  the  Number  87,  and  being  put  into  Spirit  of 
Wine  finks  to  100  :  Whence  the  Specific  Gravity 
of  1|?at.er  is  to  that  of  Spirit?  of  Wine*,  as  100  is 

'mi! Jf 

^yfrometers  made  of  Ivory  are  better  than 
thofe  "  of  ialafs,  for  if  the  Stem  be  Glafs  the 
k  Fluid  will  rife  about  it  from  its  attradfive  Force » 
and  give  a  greater  Number  than  it  fhouid* 


The  Fluti  pf  Water  from  Refervoirs  through 
1  Orifices  and  Pipes. 

i 

■ :  t- 

If  Water  flows  through  an  Orifice  in  the  Bot® 
torn'  of  a  Vefifel  which  is  kept  conflantly  full* 
or  to  the  fame  Height ;  the  Velocity  with  which 
icflow^out,  is  as  the  Square  Root  of  its  Height 
above  the  Orifice. 

Fig ,  43.  Let  there  be  two  Veifels  alike  in  all 
Things,  except  that  one  is  four  Times  as  tall  as 
the  other,  or  let  the  Height  of  A  be  20,  and 
that  of  B  5,  each  having  a  Circular  Orifice  off  Part 
of  an  Inch  in  the  Bottom.  If  thefe  VcfFels  be 
filled  with  Water  and  fet  running,  the  Water  be¬ 
ing  conflantly  fupplied  above  as  faft  as  it  runs  1 
out  below  ;  the  taller  Veffel  will  difcharge  21  Oun*  1 
#es  in  a  Quarter  of  a  Minuet,  and  the  latter  it'  j 
Ounces:  Therefore  the  Velocity  with  which  the  | 
Water  flows  out  of  the  taller  Veffel,  is  to  the 
Velocity  wherewith  it  flows  out  of  the  ihorter,  I 
as  2i  is  to  ii*  that  is  as  2  to  1  nearly;  which 

Numbers  1 
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Numbers  are  the  Square  Roots  of  4  and  i,  which 
exprefs  the  Proportion  of  the  Pleights  of  the 
Water  above  the  Orifices. 

Hence  if  an  Orifice  m  the  Side  of  a  Veffel, 
placed  as  much  above  an  horizontal  Plane,  a; 
Surface  of  the  Water  is  above  it  ;  the  Water  Will 
Spout  to  twice  the  Diftance,  that  the  Ori; 
above  the  Plane. 

Fig.  44.  Let  two  Veffels  A  and  B  be  full,  and 
let  A  be  let  upon  a  Plane  equal  to  its  Height,  and5 
the  Orifice  made  in  its  Side  next  the  Bottom  j  and 
let  the  Orifice  in  B  be  in  the  Middle  of  the  Side  s 


Then  the .firft  will  be  found  to  Spout  to  the  Length 
of  the  Veffel  and  Stand,  and  the  othwfr  to  the 
•Length  of  the  Veffeh 

The  Diftance  to  which  Water  fpoufcs  from  an 
Orifice  in  any  Part  of  the  Side  of  a  Veffel,  will 
be  twice  the  Sine  made  from  the  Orifice,  to  a  Cir¬ 
cle  defer ib^d  from  the  Top  of  the  Water  to  the 
Bottom  of  the  Veffd.  Thus,  Fig  45. 

Let  a  Veffel  filled  to  16  inches,  and  fupplied  to 
that  Height  be  perforated  in  the  Middle  at  A, 
and  towards  either  End  at  B  and  C,  five  Inches 
above  and  below  the  Middle.  From  the  Top  of 
the  Water  to  the  Bottom,  let  the  Semi-Circle  be 
deferibed,  and  from  the  Orifices  C>A,B,  let  the 
Perpendiculars,  or  Sines  BF,  AE,  CD  be  drawn  : 
Then  the  Water  will  Spout  from  the  feveral  Ori¬ 
fices,  to  twice  the  Defiance  of  thefe  Sines,  that 
from  A  will  be  found  to  Spout  more  than  15 
Inches,  and  the  Spouts  from  B  or  C  will  be 
xi  Inches, 


L 
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The  Velocity  wherewith  Water  flows  out  of  a 
Cylindrical  Pipe  inferted  horizontally  in  the  Side 
of  a  VefTel,  is  as  the  Square  Root  of  the  Height 
of  the  Water,  above  the  Place  of  the  Pipe’s  In- 
fertion  directly,  and  the  Square  Root  of  the 
Lehgth  of  the  Pipe  inverfely.  For  the  Place  of 
the  Orifice  may  be  looked  on  as  if  it  were  in  the 
Bottom  of  the  VefTel,  flnce  no  Water  under  it  can 
flow  out  ;  and  the  fame  Velocity  wherewith  the 
Water  flows  out  of  the  Cylindrical  Pipe,  with  the 
very  ftme  Velocity  it  flows  in  it,  at  the  other  End, 
that  is,  it  will  be  as  the  Square  Root  of  the 
Height  of  the  Water  above  the  Orifice  :  But  the 
Water  in  the  Pipe  becomes  a  Clog,  and  impedes 
the  Velocity  ruffling  in  at  the  Pipe,  and  the  longer 
this  Pipe  is,  the  greater  the  Impediment  will  grow, 
and  of  Courfe  the  lefs  will  be  the  Velocity  of  the 
Water  in  the  Pipe ;  and  this  is  found  to  be  Inverfe- 
ly  as  the  Square  Root  of  the  Pipe’s  Length : 
For  if  a  Pipe  that  is  1 6  Feet  long,  and  half  an 
Inch  Diameter,  be  inferted  horizontally  in  the 
Side  of  a  VefTel,  and  the  Water  in  the  VefTel  be 
kept  conftantly  3  Feet  above  the  Orifice,  this  Pipe 
will  Difcharge  i6i£  Ounces  in  half  a  Minute: 
Let  the  Pipe  be  then  fhortened,  fo  as  to  be  only  4 
Feet  in  Length,  and  fet  a  running,  it  will  then 
Difcharge  321  Ounces  in  half  a  Minute,  which  is 
near  twice  as  much  as  it  did  before  •,  fo  that 
the  Quantities  difcharged  will  be  to  one  ano¬ 
ther  lnverfely,  as  the  Square  Roots  of  the 
Pipe,  which  in  this  Cafe  is  as  4  to  2,  or  as 
2  to  1. 


Having 
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Having  thus  far  given  fome  of  the  general 
Properties  of  Fluids,  it  will  not  here  be  amifs, 
if  we  inquire  into  the  Nature  and  Ufe 

Of  Water . 

1.  Water  affords  Drink  to  all  Animals,  for  it 
is  impoffible  to  prepare  any  Drink,  that  is  necef- 
fary  for  Life  and  Health,  of  which  the  greateft 
Part  is  not  Water, 

2.  It  diffolves  Meat  in  our  Mouths,  and  ocea- 
fions  all  Taftes  to  be  perceived  by  Animals.. 

3.  It  is  the  Vehicle  of  all  Animal  Nutriment, 
to  therefpeftive  Parts  of  the  whole  Body. 

4.  It  is  the  Caufe  of  Life,  fince  by  diluting  the 
Blood,  it  affords  it  an  eafy  and  free  Paffage  through 
the  Vdfels. 

5.  It  is  the  Caufe  of  Vegitation,  and  of  the 
Growth  of  Vegi tables. 

6.  If  Water  were  not  by  fome  Means  condu&ed 
into  the  Bowels  of  the  Earth,  Fofiils  could  not 
grow.  For  it  produces  a  petrifying  Juice  when 
mixed  with  the  Earth,  which  applying  to  other 
Earths  is  converted  into  Stones  and  Flints. 

7.  It  is  the  Vehicle  of  Fifhes. 

8.  It  is  the  Vehicle  of  Ships,  by  which  Merchan¬ 
dize  is  extended  to  the  moft  remote  Nations. 

9.  It  forms  Rain,  which  by  its  Defcent  purifies 
the  Air,  and  Wafhes  away  all  Kind  of  Filthinefs 
and  Impurity. 

10.  It  is  the  foie  Caufe  of  Springs  and  Rivers  ; 
it  is  of  Ufe  in  moving  Mills,  and  for  innumer¬ 
able  other  Ufes. 


Water 
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Water  is  Fluid,  Liquid,  Humid,  Infipid,  with? 
out  Smell,  Limpid,  Lucid,  without  Colour,  Vo¬ 
latile  by  a  fmall  Heat,  it  will  not  burn  in  Fire, 
but  on  the  contrary  extinguifhes  it *,  and  therefore 
it  is  eafily  diftinguifhed  from  all  ocher  Fluids. 

The  Species  of  Waters  are  reduced  to  Six. 

1.  That  which  falls  in  Rain,  Hail,  or  Snow. 

2.  Spring-Water.  3.  River-Water.  4.  Well- 
Water.  5.  Lake-Water.  6.  Sea-Water.  And 
of  thefe  feverally. 

Rain,  Hail,  and  Snow,  were  originally  Water 
which  was  exhaled  from  the  Surface  of  the  Earth, 
in  the  form  of  Vapour,  and  compofed  Clouds, 
from  whence  it  fell  upon  the  Earth  *,  which  fliall  be 
hereafter  more  fully  explained. 

Thefe  airy  Exhalations  or  Vapours  being  receiv¬ 
ed  by  the  Earth,  penetrate  therein  according  to 
its  various  Circumftances.  Some  of  thefe  Waters 

*  j  ’  v 

fink  to  the  deepeft  Places,  and  if  they  can  burft 
forth  they  conftitute  Springs,  which  throw  out 
Waters  higher  or  lower,  according  to  the  different 
Altitudes  of  the  Sources  which  collect  them. 

’1  /  ■ 

Rains  and  Springs  flowing  along  the  Earth5$ 
Surface  to  low  and  hollow  Places,  conftitute 

5  V  ■*  '  •  1  V  ■**  *•  '  „  X  ’ 

Rivers. 

If  we  dig  into  the  Earth  to  any  confiderable 
Pepth,  we  find  a  Bed  of  Sand,  that  affords  plen¬ 
tiful  Veins  of  Water,  which  ouze  through  the 
Xnterftices  of  the  Sand  into  the  Bottom  of  the 
Hole  or  Weil,  and  by  this  Means  we  are  fupplied 
with  what  Is  called  Well-Water. 

Lake-Water  is  compofed  of  Rain,  Springs,  and 
fometimes  with  Rivers. 

And 
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And  Sea-Water  is  Salt  and  Bitter,  and  confti- 
tutes  the  Ocean.  >  , 

Natural  Water  is  feldom  pure,  being  corrupted 
by  the  fubtile  Particles  of  the  Earth.  For  Rain 
in  its  Paffage  through  the  Earth  wafhes  it,  and 
carries  with  it  the  Seeds  of  the  moll  tender  Plants, 
Animalcula  which  fwim  in  Air,  Volatile  aeriel 
Salts,  fubtile  Earths,  and  many  other  Things 
which  float  in  the  Air.  And  according  as  Water 
runs  through  different  Earths,  Salts,  Vitriols, 
Metals,  Sulphers,  Soaps,  &c.  they  are  known  by 
different  Names,  as  Sulpherous,  Chalybeate,  Alu¬ 
minous.  In  Spaw- Waters  are  found  Chalk,  Ocre, 
Brafs,  Sulphur,  Vitriol,  Nitre,  Lead,  Cerus.  In 
the  Bath-Waters  of  England ,  were  found  in  the 
Quantity  of  one  Barrel,  5  Ounces  and  3  Drachms 
of  Stone,  2  Ounces  and  a  Drachm  and  a  half  of 
blue  fulpherous  Earth,  and  3  Ounces  of  Salt, 
as  well  Sea-Salt  as  of  Nitre.  In  the  Pyrmont- 
Waters  there  is  much  bitter  Salt,  Iron,  and  gravel¬ 
ly  Earth. 

Hence  according  to  its  various  Ingredients  it 
produces  different  Effects.  There  are  Waters  near 
St.  Baldomar ,  in  the  Province  of  Lionnois  in  France^ 
and  near  Falentiola  in  the  Kingdom  of  Foledo  in 
Spain ,  which  abound  with  an  intoxicating  Spirit, 
as  flrong  as  Wine.  Others  are  of  a  poifonous 
Quality,  as  a  Fountain  called  Styx,  near  Nonacris 
in  Arcadia ,  which  deceives  and  kills  Strangers,  as 
no  Sufpicion  can  arife  either  from  its  Appearance 
or  Smell.  Th  ere  are  many  Kinds  of  noxious 
Waters,  which  caule  fcrophilous  Diforders,  and 
others  which  loofen  Men’s  Teeth.  But  the  In¬ 
gredients 
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gredients  through  which  fuch  Waters  pafs,  are 
the  Caufe  of  thefe  bad  Effedls,  and  not  the  Water 
only. 

Well-Water  that  flows  through  fmall  Flints,  or 
a  Bed  of  fine  Sand  is  very  pure  ;  but  otherwife  it 
is  infedfed  with  the  fame  Terreftrial  Parts  as 
Spring-Water.  Lake  and  River-Waters  are  im¬ 
pure,  as  they  contain  Mud,  Filth,  Plants,  Fifhest 
and  whatever  elfe  the  Wind,  the  Air,  Men,  or 
Animals  call  into  them.  Sea- Water  contains  not 
only  Salt,  but  Bitumens,  and  all  Kinds  of  Filthi- 
nefs,  becaufe  Rivers  difcharge  themfelves  into  it. 
Sea-water  therefore  is  not  only  fait  but  has  a 
particular  Bitternefs  which  arifcs  from  the  Bitu¬ 
men  that  flows  out  of  Submarine-fpnngs,  as  alfo 
from  the  Oils  of  Plants,  Animals,  and  the  nitrous 
Salts.  The  Salt  that  is  in  Sea- water  at  the  Depth 
of  fix  Inches  from  the  Surface,  is  of  a  different 
Temper  than  that  which  is  taken  at  greater  Depths. 
For  if  the  firft  Salt  be  laid  upon  blue  Paper, 
it  makes  it  red  like  Nitre,  which  does  not  happen 
from  the  deeper  Salt. 

Some  learned  Men  have  thought,  that  the  bit¬ 
ter  Sea- fait  is  volatile,  and  is  by  that  Means  dif- 
perfed  through  the  Atmofphere,  and  that  it  is  the 
Mother  of  natural  Vitriol,  Alum,  Nitre,  Ammo¬ 
niac.  This  Bitumen  feems  to  be  the  Caufe  why 
Sea-water  fhines  in  the  dark,  when  dafhed  againft 
hard  Bodies. 

Sea-water  is  purified  by  palling  through  very 
fine  Sand  gathered  in  deep  Veffels  and  heaped 
upon  one  another,  for  thereby  it  loofes  its  bitter- 
.nefs  and  unfavory  Tafte,  and  becomes  mere  Water. 

And 
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And  hence  it  is  that  Wells  dug  upon  a1  fandy 
Sea-fhore  afford  fweet  Water. 

This  may  be  alfo  performed  by  certain  porous 
Stones,  yet  thereby  the  Sea-water  will  not  be 
quite  freed  of  its  bitternefs. 

Dr.  Lifter  informs  us  that  Sea- water  may  be 
purified  by  Means  of  the  Alga  or  Sea-weed,  that 
fuddenly  perfpires  the  Water. 

Beflandes  made  Funnels  of  Virgin ’s-wax,  which 
being  filled  with  Sea-water,  it  became  fweet.  And 
Luetman  let  Sea- water  pafs  through  foafcing  Pa¬ 
per,  which  he  afterwards  fuffered  to  Putrify,  and 
whatever  Salts  are  in  it,  become  volitite  and  fly 
off,  and  the  terreftrial  Parts  remain  behind : 
Again  he  pafles  the  Water  he  received  through 
the  foaking  Paper,  through  other  Paper  of  the 
like  Kind,  and  this  he  affirms  is  purer  than 
diftilled  Water,  becaufe  the  Salts  and  Earths  are 
now  taken  away.  This  Method  is  recommended 
by  John  Gadeften  An.  i  5 1 6,  as  Dr.  Hales  relates. 

Sea-water  is  beft  purged  from  its  Impurities 
when  it  is  refolved  into  Vapours,  either  by  the 
Sun,  or  by  culinary  Heat.  Therefore  Rain  thus 
becomes  pure,  though  it  be  formed  of  Water  out 
of  the  Ocean,  of  Lakes,  of  Rivers,  and  of  many 
different  Exhalations  from  feveral  Bodies  on  the 
Earth’s  Surface.  For  pure  Water  is  eafily  ririfed 
into  Vapours  by  a  (lender  Heat  of  the  Sun, 
whereas  the  Salts  and  other  groffer  Parts  are  raifed 
with  much  more  difficulty.  The  Egyptians  being 
fenfible  of  this,  drew  their  Water  by  Night  out 
of  the  Nile ,  before  the  Sun  had  exhaled  the  more 
fubtile  Parts.  If  Sailors  by  Night  draw  Fleeces 

of 
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of  Wool  over  the  Deck  and  Sides  of  a  Ship 
when  they  are  in  the  mibft  of  the  Ocean,  they 
in  the  Morning  rhay  fqueeze  frefh  Water  thereout 
fit  to  drink  :  But  the  pureft  Water  of  all  is  made 
by  repeated  Diftillation,  which  leaves  the  un whole* 
fome  Dregs  remaining  in  the  Vefiel  ;  and  it  will 
be  more  perfect  and  pure  if  the  Diftillation  be  made 
from  Rain  Water,  or  from  Snow  gathered  in  a 
clean  and  deep  Place,  and  but  little  defiled  by 
the  Air:  Yet  notwithftanding  all  that  has  been 
faid,  any  of  thofe  Waters  however  well  purged, 
will  have  both  a  Tafte  and  Smell,  which  is  not 
as  grateful  as  common  frefh  Water. 

Mankind  have  taken  uncommon  Pains  to  render 
Salt-water  frefh  for  the  Ufe  of  diftre fled  Mariners ; 
and  for  this  End  have  fuffered  it  to  putrlfy.  Now 
when  it  is  in  a  State  of  Putrefaffion,  if  it  be 
diftilled  to  half,  it  will  ftink  mo  ft  cffenfively, 
but  the  next  Day  the  Refidue  or  what  remains 
is  fweet  and  clear,  as  all  the  Dirt  and  Filth  is 
left  behind.  If  the  Sea-water  be  completely  Putrt* 
fied,  the  Water  of  itfelf  becomes  fweet  and  limpid  ; 
and  then  Part  of  ic  may  be  diftilled,  but  not  all, 
becaufe  the  Spirit  of  the  Sea-falt  remains  at  the 
Bottom,  which  would  afcend  were  the  whole 
diftilled;  and  that  diftilled  Water  will  flill  have 
an  urinous  Smell,  though  it  be  frefh  and  pretty 
pure,  and  will  be  of  a  brown  Colour,  and  have 
a  Sediment  like  fome  Well-waters;  but  this 
Smell  goes  off  in  Time,  and  it  ferves  very  well 
for  boiling  Peafe,  making  Burgoe,  Broth,  and 
for  many  other  Ufes  on  board  of  Ships. 

The 
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The  Putrefaction  of  Sea-Water  is  increafed  by 
adding  Iling-Glafs  to  it.  The  greater  the  Putre¬ 
faction  be,  the  more  wholefome  the  Diftillation, 
produced  from  it  will  be*,  which  have  occafioned 
fome  to  add  the  Lixivium  of  the  Salt  *of 
Lartar^  and  then  to  have  it  Diddled  again ; 
others  have  added  Salt  of  Tartar,  Lime,  Bones, 
and  calcined  Shells  of  Oyfteis,  and  then  have 
Diddled  it  again,  though  with  Ids  Succefs  than  the 
former. 

Some  by  impregnating  a  glutinous  Mixture* 
as  Whites  of  Eggs,  Milk,  Ifing-GJafs,  and  other 
like  Things,  have  made  Water  purer  by  the 
Gluten  imbibing  the  Impurities  •,  but  even  by 
this  Method,  Sea- Water  will  ftill  have  a  disagree¬ 
able  Tafte,  whi-ch  common  Frefh-Water  has 
not.  # 

Others  have  mixed  Crude^Tartar  in  Salt-Water 
in  order  to  abforb  the  Sea-Salt  ;  again  Oil  of 
Tartar  has  been  poured  into  Sea-Water  to  pre¬ 
cipitate  the  Sea-Salts  with  it,  and  then  they  didill 
the  Water  and  drain  it.  Glauber  imagined  that 
Lapis  Specularis  would  anfwerthis  Purpofe  when  re¬ 
duced  to  Powder.  And  others  have  added  acid  Spirits 
yet  with  the  help  of  all  thefe  Things,  they  could 
never  frefhen  Sea-water  fo  as  to  make  it  fit  for 
Man’s  Ufe,  for  fome  Sait  and  fome  Bitternefs 
ftill  remained.  Dr.  Hales  has  gone  far  beyond 
others  in  Trials  of  this  Kind-. 

The  pureft  Water  is  thus  known,  t.  If  it  be 
clear  and  tranfparent  without  any  Colour,  Tafte 
or  Smell,  z-.  If  when  a  Solution  of  Silver  in 
Spirit  of  Nitre  is  put  to  it,  the  Water  continues 
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limpid  as  before,  otherwife  it  wiil  be  turbid 
and  bluidn  5.  If  it  will  not  look  like  Milk 
though  Oil  of  Tartar  be  pounded  in  it.  4.  if 
it  does  not  become  thick  by  the  Infufion  of  a 
Solution  of  Sugar  of  Lead.  Ladly  if  Venetian 
Soap  be  equally  diffolved  by  the  Water  without 
leaving  any  Fragments  behind. 

Mr.  Richard  Cunningham  Che  mi  ft,  exhibited 
two  Precedes  in  the  Elaboratory  of  the  College 
of  Dublin ,  on  the  6th  Day  of  Auguft  1754  for 
rendering  Sea- water  frefh  and  potable,  fo  as  to  be 
ufeful  at  Sea.  The  Salt-water  was  taken  up  in 
Dublin  Bay  between  Dunlary  and  the  Head  of  Hcwtk « 
The  Erd  Procefs  was  according  to  Mr.  Appleton's 
Method  which  was  lately  difeovered,  and  the 
other  according  to  Mr.  Cunningham! %  own  Inven¬ 
tion  *,  and  after  trying  fcveral  Experiments  on* 
the  Purity  and  Frefhnefs  of  the  faid  Waters  it 
was  found,  that  the  Water  puriEed  by  Mr.  Cun - 
ningham' s  Method  was  preferable  to  that  done 
by  Mr.  Apple  tons.  For  Dr.  Rutty  tells  us  that 
Mr.  Cunningham's  Water  continued  exquiEtely 
clear,  without  forming  the  lead  Cloud  or  Opacity 
with  the  Solution  of  Silver,  or  with  the  Solution 
of  Sugar  of  Lead,  and  that  Mr.  Apple  tons  did 
not. 

Mr.  Cunningham  informed  Dr.  Edward  Barry ^ 
Dr.  Ferral,  Mr.  Croker  Chemid  to  the  College, 
William  Maple ,  and  John  Rutland  Efqrs  5  before 
whom  he  performed  feverai  Precedes,  that  the 
Ingredients  he  u fed,  are  cheaper  and  lefs  trouble- 
fome  than  thofe  made  Ufeof  by  Mr,  Appleton . 

Rain 
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Rain,  Well*  or  River  Water  being  filled  in 
Cafks  to  carry  to  Sea,  will  be  changed  in  the 
Colour,  Tafle  and  Smell,  fo  that  it  becofnes 
naufeous  and  (linking,  and  not  eafily  drinkable 
for  Seamen.  This  Change  is  made  by  little 
Infe&s  which  floating  in  the  Water  foon  become 
a  Multitude;  if  this  (linking  Water  boils  upon  a 
Fire,  the  Animalcula  die  immediately,  and  with 
the  other  Filth  fubfide  or  fink  to  the  Bottom. 

Many  have  endeavoured  to  preferve  Water  from 
Infects  and  Putrefa&ion  by  mixing  with  the  Wa¬ 
ter  fuch  Bodies  as  kill  the  Infers  ;  yet  this  Mix¬ 
ture,  though  it  anfwers  that  End,  is  deflrudlive 
and  injurous  to  the  Health  of  Man.  The  dili¬ 
gent  Dr,  Hales  found  by  repeated  Experience, 
that  an  Ounce  of  Oil  of  Sulpher,  or  Eight  Scn> 
pies  of  the  Oil  of  Vitriol,  are  fufficient  for  every 
Butt  of  Water.  If  Butts  are  fmoked  with  the 
Fumes  of  burning  Brimflone,  before  they  are 
filled  with  Water,  it  will  be  a  great  Means  of 
preventing  the  Increafe  of  the  Animalcula,  or  of 
preventing  the  Water  of  being  fo  horribly  nau¬ 
feous  as  it  otherwife  would  be. 

Pure-water  being  clofed  up  in  a  Veflfel  of 
Gold,  Silver,  Lead,  or  Pewter,  whether  infedled 
by  Air  or  purged  from  it  at  a  cold'Seafon,  being 
prefled  by  a  Screw  or  (Iruck  with  a  Hammer 
cannot  be  condenfed  into  a  lefs  Space  than  is  the 
Capacity  of  the  Veflfel  which  contains  it,  as  many 
Philofophers  have  proved  by  Experiments.  The 
Water  will  tranfude  or  glide  through  the  Pores 
of  the  Metal  which  compofe  the  Veflfel,  and  on 
its  Surface  will  lie  like  Dew  all  around  ;  fo  that 
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by  as  much  as  the  Cavity  becomes  greater 
the  external  Preflure  or  Force,  by  fo  much  exactly 
will  the  Water  perfpire  through  the  Metalic  Pores  j 
as  may  be  feen  by  (tricking  a  Hammer  againft  a 
Globe  or  Ball  filled  with  Water,  for  at  every 
Stroke  the  Water  will  ouze  oat. 

The  Particles  of  Water  are  hence  very  hard 
as  was  faid  before ;  and  therefore  they  do  not 
eafily  change  their  Figure,  nor  do  they  fill  their 
own  Pores  or  Interfaces  between  them. 

Hence  alfo,  a  flat  Board  may  be  as  eafily  broke 
by  ftriking  the  flat  Side  againft  Water,  as  if  it 
had  ftruck  againft  a  hard  Body.  And  Leader) 
Balls  fired  from  a  Gun  obliquely  againft  Water 
become  as  flat,  as  if  they  had  (truck  againft  Stones  j 
nay  they  fometimes  break  to  Pieces.  Therefore 
if  a  Ghfs  Veflel  be  completely  filled  with  Water, 
and  its  Mouth  be  clofeJy  (hut  with  a  Cork  ; 
if  the  Cork  which  we  here  fuppofe  to  touch  the 
Water  be  forced  in  farther,'  the  Veflel  will 

i  ,  •*  .  v  :  <>.:•,  I  .  .  •  '  •  ‘ 

break. 

Hence  we  may  learn,  that  it  is  convenient 
that  Bungs  of  Cafks  or  Corks  of  Veflels  fhotdd 
not' touch  the  Fluids  they  contain  :  For  if  they 
do,  it  is  odds  that  the  Veflels  be  not  broken  if  trans¬ 
ported  to  \  greater  Degree  of  Heat;  provided 
the  Bungs;  or  Corks  ft  and  ;  and  if  the  Veflels 
*be  not  bro£%*the  Bungs  or  Corks  will  fly  out/ 
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HAP. 


Of  Pneumatics  or  the  Properties  of  Air. 


jl  I  R  is  a  very  thin  elaftic  FJuid  which  fur. 
rounds  the  Globe  of  the  Earth.  It  is  a  difficult 


Matter  to  afcertain  the  Nature  and  Origin  of  Air, 
as  it  is  an  imperceptable  Fluid  to  all  our  Senfes, 
except  that  of  Feeling.  From  the  Impreffion 
and  Refiftance  it  makes,  we  know  there  is  fuch  a 
Body,  which  every  where  furrounds  us,  and  is  of 
the  utmoft  Importance  to  Mankind. 

V 

Mr.  Boyle  gives  us  the  beft  Account  we  have 
of  its  Origin.  He  fuppofes  it  to  confift  of  three 
different  Kinds  of  Corpufcules,  viz*  i.  Of  Num- 
berlefs  minute  Particles,  which  in  the  Form  of 
Vapours  or  Exhalations  afcend  from  the  Earth, 
Water,  Vegitables,  Animals,  &c.  in  ffiort  of  al- 
moft  all  Subft'ances  on  the  Earth’s  Surface  or  very 
near  it.  2.  Of  ftill  a  more  fubtile  Matter,  con¬ 
fining  of  infinitely  fmall  Atoms,  occafioned  by 
the  Magnetical  Effluvia  of  the  Earth,  and  other 
moft  minute  Particles,  fent  with  the  Light  which 
iffues  from  the  Ceieftial  Luminaries,  occafioning 
thereby  the  Idea  of  Light  in  11$.  3.  Of  an  elaftic 

Subftance  which  is  the  Rafis  of  the  other  Parts, 
and  conftitutes  the  Effence  of  Air,  concerning  the 


Structure  of  which  various  Flypoth^fes  have  been 
framed. 
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Some  have  compared  the  eiaftic  Particles  to 
the  Springs  of  Watches  coild  up,  and  endeavour¬ 
ing  to  reftore  or  expand  themfelves  ;  others  to 
comprefted  Wool  which  expands  it  felf  when  the 
Prefiure  is  taken  off;  and  others,  to  (lender  Wires 
of  different  fpringy  Confiftances,  and  Subftances, 
which  will  admit  of  Comprcffion  and  Expanfion, 
yet  in  the  whole  all  amount  to  one  and  the  fame 
Thing. 

Before  we  proceed  to  explain  the  Properties 
of  the  Air,  it  will  be  neceftary  to  defcribe  the 
Air-pump . 

The  Air  pump  is  a  Machine  by  which  the  Air 
contained  in  a  proper  Veffel,  may  be  exhaufted 
or  drawn  out. 

Otto  de  Guerick  a  Burgo-mafter  of  Magdeburg 
was  the  fir  ft  Inventor  of  this  curious  Inftrum^nt  \ 
which  was  afterwards  very  greatly  improved  by 
Mr.  Boyle  ^  Mr.  Papin>  and  Mr.  Hawkjbee . 

The  common  Air-pump  is  reprelented  in  the 
Figure  fronting  the  Title  Page ,  where  A  A,  are  the  two 
Brafs  Barrels,  in  which  the  Piftons  CC  move  up  and 
down.  The  Brafs  Tube  or  Pipe  marked  HH  is  call¬ 
ed  the  Swans-neck,  through  which  the  Air  pafifes 
under  the  Receiver  OO,  by  a  fmall  Hole  K,  in 
the  Middle  of  the  Brafs-plate  I  I  on  the  Top  of 
the  Pump,  to  a  Brafs- piece  in  the  Box  DD ; 
which  being  perforated  lengthways  to  the  Middle 
Point  under  the  Barrel,  tranfmits  the  Air  to  a 
Bladder-valve  to  be  pumped  out.  The  Mer¬ 
curial  Gauge  which  communicates  with  the  Re¬ 
ceiver  or  Glafs  VefTel  on  the  Top  is  marked 

LLL. 
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LLL.  The  Stop-cock  N,  ferves  to  readmit  the 
Air  when  there  is  Occafion.  B  is  the  Handle 
or  Winch  for  working  the  Pump.  GG,  are  two 
Pillars  fupporting  the  Frame  of  the  Pump-wheel, 
which  is  fcrewed  upon  them  by  the  two  Nuts 
EE.  As  to  the  Ufes  of  the  other  Parts,  they 
will  eafily  be  comprehended  by  infpedting  the 
Figure.  „  .  .  ;  ' . 

The  Opperation  of  this  Machine  depends  on 
the  Eiafticity  or  fpringing  Force  of  the  Air : 
For  by  working  the  Pump,  the  Air  in  the  Re¬ 
ceiver  will  expand  it  felf;  by  which  Means  Part 
of  it  will  be  forced  into  the  Barrel  of  the  Pump, 
to  be  carried  off.  By  thus  continuing  to  work  the 
Pump,  the  Air  in  the  Receiver  will  be  gradually 
exhaufled,  but  can  never  be  wholly  drawn  out 
fo  as  to  leave  a  perfebf  Vacuum  under  the  VefTeh 

We  now  proceed  to  explain  the  Properties  of 
Air,  and  ■ 

I.  That  Air  is  heavy . 

*  '  - 

This  will  evidently  appear  to  be  true  from  the 
following  Experiments. 

Let  a  Glafs  Bottle,  to  which  there  is  a  Brafs* 
neck  with  a  Cock  therein  that  opens  and  fhuts,, 
be  fcrewed  into  the  Plate  of  an  Air-pump  and  the 
Cock  left  open,  have  the  Air  exhaufted  from 
it  by  Pumping,  and  the  Cock  then  clofed  to  pre¬ 
vent  any  Air  from  riifhing  into  the  Bottle;  if 
then  the  Bottle  be  unfcrewed  from  the  Pump*, 
and  appended  at  one  End  of  a  Bal lance,  with 
a  Weight  juft  fufficient  to  fuftain  it  at  the  other 

End 
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End,  has  its  Cock  then  opened,  the  Air  will 
tufh  into  the  Bottle,  and  the  Bottle  will  defcend. 

If  it  be  one  that  contains  about  40  Cubic  Inches, 
it  will  require  10  Grains  to  reftore  an  Equilibrium  ; 
fo  that  40  Cubic  Inches  of  Air*  are  equal  in 
Weight  to  io  Grains;  and  thus  the  Weight  of 
£  Cubic  Foot  of  Air  has  been  found;  and  dif- 
covered  to  be  850  Times  lefs  than  a  Cubic  Foot 
of  Water. 

Let  a  Rrafs  of  Copper  Rim  be  covered  over 
one  End  with  a  Wet  Bladder  well  ftreched  and 
clofely  bound  round  the  Rim  by  a  Thread  or 
String,  have  the  open  End  of  the  Rim  laid  on  the 
Pump  ;  upon  exhaufting  the  Air  from  within  Side 
of  the  Rim,  the  Bladder  will  be  found  to  be  prefix¬ 
ed  downwards  by  the  incumbent  Weight  of  the 
Atmofphere  more  and  more  as  the  Pump  is  kept 
working,  till  at  length  the  Bladder  is  broken* 
and  a  loud  Report  is  produced  by?  the  Air’s  mill¬ 
ing  in  to  fill  the  Vacuity. 

Let  a  thin  fquare  Glafs  Vial  being  clofe  corked 

up,  having  a  very  fmall  Orifice  made  quite  through 
the  Cork,  be  placed  on  an  Air-pump  under  a 
Receiver :  Upon  exhaufting  the  Air  from  unde* 
the  Receiver,  the  Air  will  alfo  be  exhaufted  from 
the  Vial  through  the  Orifice;  If  the  ftop  Cock 
be  then  opened  and  the  Air  readmitted,  it  will  1 
rulh  with  fuch  Violence  on  the  Vial,  as  to  break 
it  to  Pieces;  becaufe  a  fufficient  Quantity  of  Air 
cannot  rulh  through  the  Orifice  made  in  the 
Cork  of  the  Vial,  in  a  Moment*  to  enable  it  to 
withftand  the  outward  Preffure. 

Let 
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Let  a  Glafs  Veffel,  part  filled  with  Mercury  or 
any  other  Fluid,  be  placed  on  the  Pump  under 
a  Receiver  •,  and  let  a  Tube  clofed  at  one  End 
and  open  at  the  other  be  inferred  through  an 
Orifice  in  a  Collar  on  the  Top  ol  the  Receiver 
With  wet  Leather  about  it,  fo  as  that  the  open 
End  may  not  reach  the  Mercury  in  the  Glafs 
Veffel :  The  Receiver  being  then  exhaufted  of 

i— / 

Air,  the  Tube  will  be  alfo  exhaufted  ;  Let  the 
Tube  be  then  pufhed  down  gently  into  the  Mer¬ 
cury  in  the  Glafs  Veffel,  and  the  Air  readmit¬ 
ted  into  the  Receiver,  it  will  then  be  found  to 
prefs  fo  heavily  on  the  Mercury  in  the  Glafs 
Veffel  as  to  drive  it  up  the  exhaufted  Tube,  untill 
the  Weight  of  the  elevated  Mercury  preffes  as 
forceably  againft  that  Part  which  is  immediately 
under  the  Tube,  as  the  Weight  of  the  Air 
does  on  every  other  equal  Part  which  is  without 
the  Tube. 

Fig.  46*  By  the  Weight  and  Preffure  cf  the 
Air,  Water  is  ra'ifed  in  Pumps,  and  Fire  Engines, 
thus.  Let  AB  reprefent  a  Pump,  or  Tube  open 
at  both  Ends,  C  a  fixed  Plug  with  a  Hole  through 
its  Middle,  covered  with  a  Leather  Valve  like 
a  Trap  Doo,r,  that  will  eafily  open  to  let  the 
Water  pafs  upwards,  and  Phut  to  prevent  the 
Water  palling  downwards :  D  a  moveable  Plug, 
Pifton ,  or  Sucker  made  in  all  Refpefts  as  the  for¬ 
mer,  but  joined  to  the  Rod  E,  and  that  Rod 
to  the  Handle  that  works  it.  The  Sides  of  the 
Pifton  are  cafed  with  Leather  to  fit  the  Cavity 
of  the  Pump  fo  tight  that  neither  Air  or  Water 
can  pafs  between.  At  fome  Diftance  above  the 
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Pifton  is  an  Orifice  at  O  in  the  Side  of  the 
Pump  through  which  the  Water  is  difcharged 
in  the  following  Manner.  The  Pifton  D  being 
drawn  up,  driving  the  Air  before  it,  thereby  caufes 
a  Vacuum  between  C  and  D  ;  and  the  Air  prefling 
on  the  Water  in  the  Well,  drives  it  through  the 
Plug  C  whofe  Valve  opens  to  let  it  through, 
to  fill  up  the  Vacuity  ;  then  upon  deprefling  the 
Pifton  D,  the  Valve  of  C  fhuts  and  prevents  the 
Water  to  return  downwards,  and  immediately  it 
rifes  through  the  Pifton  D  whofe  Valve  opens, 
and  lodges  itfelf  thereon  ;  and  then  by  a  Stroke 
of  the  Handle,  the  pifton  D,  is  raifed  and  the 
Water  lying  on  it  is  difcharged  through  the  Ori¬ 
fice  O. 

The  Fire  Engine,  or  little  Dutch  Pump,  which 
is  often  ufed  to  Water  Streets  or  Gardens,  is  thus 
conftrufted. 

Fig.  47.  Let  a  Plug  be  fixed  at  C  with  a  Valve, 
as  in  the  foregoing  Pump,  to  fufifer  Water  to 
pafs  through  it  upwards,  but  not  to  return.  D 
is  a  folid  Pifton  without  either  Bore  or  Valve 
which  is  fixed  to  a  Rod,  and  that  to  a  Handle 
T  by  which  it  is  worked.  A  little  above  the 
Plug  C  there  is  an  Orifice  O  in  the  Side,  wherein 
a  Tube  OE  is  inferted,  in  which  Tube  there  is 
a  fixed  Plug  V  with  a  Valve  that  opens  outwardly 
and  fuffers  no  WTater  to  return.  Now  when  the 
Pifton  D  is  raifed  it  is  plain  that  it  caufes  a  Vacu¬ 
ity  between  D  and  C,  and  the  Air  prefling 
on  the  Water  in  which  the  Machine  Hands, 
drives  the  Water  through  C  cn  the  Valve 
of  which  it  lodges ;  the  folid  Pifton  D  then  being 
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thruft  down  will  drive  the  Water  through  the 

!  Orifice  O,  and  up  through  the  Tube  or  Pipe  OE  ; 
but  on  drawing  up  the  Pifton,  the  Valve  at  V 
in  the  Tube  OE  immediately  fhuts  by  the  Defcent 
of  the  Water  from  E  to  V,  and  prevents  it  com¬ 
ing  backwards  on  the  Valve  in  the  PlugC:  And 
thus  by  the  help  of  Leathern  Pipes,  Water  may 
be  conveyed  to  the  .Tops  of  the  higheft  Houles. 

That  the  Atmofphere  is  heavier  at  one  Time 
than  at  another,  we  are  confirmed  of  by  the  Ba¬ 
rometer  or  Weather  Glafs,  invented  by  lorricellius , 
and  is  thence  known  amongfl  Naturalifts  by  the 
Name  of  the  'Torricellian-tube .  It  is  made  by  filling 
a  GJafs  Tube  of  about  three  Feet  long  with  Mer¬ 
cury,  which  Tube  is  hermetically  clofed  or  fealed 
at  one  End,  and  by  putting  your  Finger  to  the 
other  End  invert  it  in  a  Veffel  as  A  or  B,  (Fig.  48 ) 
which  is  partly  filled  with  Mercury  without  let¬ 
ting  in  any  Air:  Upon  taking  the  Finger  away, 
the  Mercury  in  the  Tube  will  remain  fufpended 
between  2.8  and  31  Inches  above  the  Surface  there¬ 
of  in  the  VefTel. 

This  Mercury  is  kept  up  the  Tube  by  the 
Weight  or  Preffure  of  the  Atmofphere  on  the 
Mercury  in  the  Veffel  ;  for  if  the  Tube  and 
Veffel  be  put  under  a  Receiver  on  an  Air-pump, 
and  if  the  Air  be  exhaufted  from  the  Receiver, 
the  Mercury  in  the  Tube  will  all  fall  down  into 
the  Veffel;  and  if  the  Air  be  again  reftored,  the 
Mercury  in  the  Veffel  will  be  drove  up  the  Tube 
to  its  former  Height. 

The  Mercury  in  the  Tube  is  never  found  to 
rife  higher  than  31  Inches,  even  when  the  At- 
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mofphere  is  mo  ft  eondenfed  or  moft  weighty* 
nor  does  it  ever  fall  lower  than  28  Inches  though 
the  Atmofphere  were  moft  rarified,  or  in  its 
lighteft  State :  And  hence  it  is  that  Barometers 
are  graduated  on  either  Side  from  28  to  31  Inches, 
as  the  Barometers  B  and  C  are ;  and  oppofite  to 
thefe  Divisions  you  have  Words  which  exprefs 
the  State  of  the  Atmofphere,  or  what  Kind  of 
“Weather  will  foon  enfue.  When  the  Air  is  moft 
rarified,  or  when  it  is  in  its  ligheft  State,  it  is  then 
unable  to  fuftain  the  Clouds  and  therefore  great 
Rains  fall  *  and  yet  we  are  apt  to  fay  that  fuch 
Weather  is  very  heavy:  And  on  the  contrary 
when  the  Air  is  moft  eondenfed,  and  therefore  moft 
weighty,  it  is  moft  able  to  fuftain  the  Clouds, 
and  the  Weather  is  then  fineft,  and  we  are  apt  to 
fay  it  is  light  Weather :  For  the  Air  when 
it  is  moft  rarified,  is  very  thin,  and  a  great  Part 
of  it  glides  through  the  Lungs,  and  therefore  the 
Refpiration  is  weak,  which  greatly  difturbs  and 
weakens  the  human  Frame  and  renders  our  Spirits 
low  and  heavy,  as  well  as  thofeof  other  Animals ; 
and  again,  when  the  Air  is  moft  denfe  it  will  not 
be  able  to  ouze  out  of,  or  glide  through  the 
Lungs,  and  therefore  it  is  then  fitteft  and  beft  for 
Refpiration,  which  adds  Life  and  Spirits  to  the 
Body,  and  thereby  occafions  us  to  fay  it  is  fine 
light  Weather. 

Fig.  48.  The  Barometer  AD  is  a  Diagonal  one, 
whofe  Height  from  A  to  D  is  28  Inches;  let 
DE  be  3  Inches,  and  thereby  AE  31  ;  if  to  E 
be  drawn  a  perpendicular  EF,  and  if  from  any 
Point  therein  as  F,  there  be  drawn  the  Diagonal 
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FD:  If  a  Tube  be  turned  in  that  Direction  it 
will  more  apparently  fhew  the  rife  or  fall  of  the 
Mercury,  than  either  of  the  Barometers  B  or  C 
can,  arjd  fuch  are  graduated  from  D  to  F. 

The  Barometer  C  is  turned  at  one  End,  and 
a  little  above  the  Turn  is  a  Ciftern  or  Bafon  to 
receive  the  defcending  Mercury:  In  the  Top  of 
this  Ciftern  there  is  an  Orifice  to  let  in  the  Air, 
in  order  that  it  may  prefs  upon  the  Mercury  in 
the  Ciftern  •,  and  thereby  as  its  Gravity  increafes 
ordecreafes  that  the  Mercury  may  the  more  rea¬ 
dily  rife  and  fall  *,  and  thefe  Kind  of  Barometers 
are  moft  frequent. 

Befides  thefe  Barometers  here  mentioned,  there 
are  the  Wheel  and  Conical  Barometers:  But  as 
they  are  all  actuated  by  the  foregoing  Principles, 
it  is  needlefs  to  be  particular  about  them. 

In  any  Barometer,  the  Mercury  in  the  Tube 
will  have  a  convex  Surface  if  it  be  rifing,  but 
if  it  be  falling  the  Surface  will  be  concave. 

If  the  like  Experiment  were  tried  with  a  long 
Tube  and  Water,  the  Water  would  never  be 
found  to  rife  higher  than  36  Feet  2  Inches,  or 
to  fall  lower  than  32  Feet  8  Inches  ;  for  Water, 
by  the  foregoing  Table  of  the  Specific  Gravities 
of  Bodies,  is  found  to  be  14  Times  heavier  than 
Mercury:  That  is  to  fay,  if  the  Surface  of  the 
Earth  were  covered  28  Inches  deep  with  Mercury, 
or  with  32  Feet  8  Inches  depth  of  Water;  they 
would  prefs  equally  on  it,  and  each  PrefTure 
would  be  equal  to  the  Preffure  of  the  Atmof- 
phere  when  in  irs  lighted  Suce, 
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Hence  it  is  that  the  Surface  of  Water  in  a  Well 
mult  be  lefs  than  33  Feet  from  the  End  of  a 
Pump’s  Pifton  ;  and  yet  Water  may  be  raifed  by 
a  Pump  to  any  Height,  provided  the  Rod  of 
the  Pifton  be  made  long  enough. 

The  furprifing  Force  with  which  the  AtmoL 
phere  prelfes  in  all  Diredtions  may  be  further 
evinced,  thus  ; 

Let  two  Brafs  hollow  Hemifpheres  each  of  3  In¬ 
ches  Diameter,  the  one  with  a  Ring  on  its  Vertex, 
and  the  other  with  a  Screw  and  Cock  on  its  Vertex, 
be  laid  one  upon  the  other  with  wet  Leather  between 
the  Edges,  the  Screw  Hemifphere  being  firft 
inferted  in  the  Plate  of  an  Air-pump  and  its  Cock 
opened ;  exhaufl  the  Air  that  is  between  the  He¬ 
mifpheres  through  the  fcrewed  Neck  and  clofe 
the  Cock :  Then  if  the  whole  be  unfcrewed  from 
the  Plate,  the  two  Hemifpheres  will  be  found 
to  be  fo  clofely  preffed  together  by  the  Atmof- 
phere  as  to  require  150  Pounds  to  pull  them  afun- 
der  when  the  Air  is  in  its  lighted:  State,  and  at 
other  Times,  16’p,  180  or  200  Pounds  will  fcarce- 
ly  be  fuflicient  to  feperate  them  :  For  thefe  Weights 
will  be  in  Proportion  of  the  Preflure  of  the  At- 
mofphere  at  different  Times,  and  when  it  is  in 
different  States. 

Hence  it  is  that  Air  is  found  to  prefs  above 
1 6\  Pounds  upon  every  Square  Inch,  or  with  a 
Weight  of  3 1 144  Pounds  upon  a  midling  Man, 
whofe  Surface  is  about  1 5  Square  Feet  *,  which 
would  infallibly  crulh  him  to  Pieces  if  the  Air 
within  him  did  not  counterbalance  the  external 
Preffure. 


If 
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If  a  Perfon  Jays  his  Hand  over  a  frnall  open 
Receiver,  and  thence  exhaufts  the  Air,  he  will 
find  fo  great  a  Weight  or  Prefifure  on  the  Back 
of  his  Hand  as  not  only  to  give  him  Pain,  but 
to  endanger  the  breaking  of  his  Hand  5  which 
is  immediately  eafed  by  refcoring  the  Air. 

If  the  Brafs  Hemifpheres  which  before  were 
exhaufted,  and  which  required  a  great  Weight 
to  feperate  them,  be  put  under  a  Receiver  on  an 
Air  Pump,  upon  exhaufting  the  Air  out  of  the 
Receiver,  the  Hemifpheres  wifi  feperate  and  fall 
afunder  from  each  other,  which  manifeftly  fhews 
that  their  ftrong  Cohefion  is  owing  to  'nothing 
elfe  but  to  the  Prefifure  of  the  Atmofphere  upon 
them. 

Fig.  49.  The  Siphon  or  Crane  is  a  bended  Tube 
ABC,  which  being  filled  with  Water,  and  putting 
the  fhortefl  Leg  A  into  the  Water,  the  Vefiel 
will  be  emptied  by  palling  through  the  Siphon, 

■  and  will  be  difcharged  at  the  other  End  C,  pro¬ 
vided  that  End  be  any  Thing  lower  than  the  Sur¬ 
face  of  Water  in  the  Vefiel  :  For  the  Atmofphere 
prefies  upon  both  Ends  of  the  Tube  and  fo  keep% 
it  full,  but  the  Water  in  each  Leg  prefies  down¬ 
wards  in  Proportion  to  their  perpendicular  Heights 
AB,AC  ;  now  feeing  EC  is  greater  than  AB,  the 
Water  will  yield  to  the  greatefi:  Prefifure  and  there¬ 
fore  will  be  dicharged  at  C,  fo  long  as  C  is  lower 
than  the  Water  in  the  Vefiel. 

This  is  the  true  Caufe  of  the  Siphon’s  running, 
becaufe  if  a  little  Hole  be  made  about  the  Top  of 
the  Tube  while  the  Water  is  running  ;  or  if  the  Si¬ 
phon  be  put  under  a  Receiver  and  thence  the  Air  be 

exhauftedl 
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exhaufted,  the  Fluid  in  the  Siphon  will  divide  at 
the  Top  and  fall  down  through  each  Leg. 

Hence  Water  may  be  made  to  run  through 
Pipes  over  any  Hill*  Houfe,  or  Wall  that  is  not 
above  33  Feet  high ;  provided  the  Place  you 
would  bring  it  to*  be  lower  than  the  Spring  Head* 
or  the  Surface  of  the  Water  you  would  bring  i£ 
From  i  Becaufe  33  Feet  of  Water  is  equal  to  the 
Preflure  of  the  Atmofphere  when  the  Air  is  in 
its  lighteft  State,  as  we  have  already  but  juft 
fhewn. 

Other  Fluids  will  rife  in  a  Siphon  to  a  greatef 
or  to  a  lefs  Height,  according  to  their  Specific 
Gravities. 

Fig.  50.  If  a  Siphon  be  placed  within 

a  Veflel  having  one  Leg  palling  through  its  Bot* 
tom:  If  Water  be  poured  into  this  Veflel,  it 
will  not  begin  to  run  out  of  the  Siphon  till  the 
Surface  of  the  Water  be  above  the  Top  of  the 
Siphon:  But  then  the  Water  will  run  down  the 
Leg  ac ,  which  being  once  filled  will  continue  to 
difcharge  the  Water  at  c  as  long  as  there  is  any 
in  the  Veflel,  which  muft  be  fufficiendy  evident 
from  what  has  been  already  faid. 

In  this  Manner  we  may  account  for  the  ebbing 
and  flowing  of  Springs:  For  if  Water  be  imagined 
to  run  gradually  into  the  foregoing  Veflel  till  the 
Surface  covers  the  Top  of  the  Siphon,  if  then  the 
Water  runs  out  of  the  Siphon  fafter  than  the  Vef- 
fel  is  fupplied  therewith,  it  will  empty  and  con* 
tinue  to  flop  till  the  Siphon  be  again  covered. 

Thefe  intermitting  Springs  will  be  rendered 
more  obvious,  if  we  let  ABC  to  reprefent  a  Hill 

wherein 
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wherein  there  is  a  Cavity  C  *,  if  in  this  Cavity 
there  is  a  PaiTage  or  Vein  running  in  the  Direc¬ 
tion  WED,  then  if  the  Rains  which  fall  on  the 
Hi  il  by  palTing  through  the  Pores  of  the  Earth 
fill  the  Cavity  C  higher  than  the  Top  of  the 
Vein  to  E,  the  Water  or  Spring  at  W  will  con¬ 
tinue  running  till  it  has  withdrawn  the  Water 
in.  the  Cavity  fo  low  D'*,  and  then  it  will  flop 
’till  the  Cavity  be  replenifhed  again,  and  it  riles 
above  E  and  then  it  will  flow  again,  and  fo 
on. 

z.  Of  the  Elafiicity  oj  Air . 

* 

By  the  Elafiicity  or  fpringing  Force  of  the 
Air,  we  underhand  it  to  be  that  Force  where¬ 
with  the  Particles  of  Air  expand  themfelves 
and  recede  from  each  other,  as  before  :  And  this 
happens  when  the  Preffure  which  keeps  them 
together  is  taken  off. 

That  Air  is  Elaflic  will  be  evident  from  the 
following  Experiments. 

If  Air  be  clofely  corked  up  in  a  thin  Square 
Vial,  and  the  Bottle  be  put  under  a  Receiver 
on  an  Air  Pump:  Upon  exhaufting  the  Receiver 
the  confined  Air  in  the  Vial  will  by  its  Elafiicity 
burft  the  Bottle  to  Pieces. 

Tie  up  a  little  Air  in  a  Bladder,  and  put  it  under 
a  Receiver  *,  when  the  Air  is  ex  ham  feed  from 
the  Receiver,  the  Bladder  will  fwell  as  if  it  wer& 
blown  up. 

Take*a  GJafs  of  warm  Ale  or  any  other  gluti¬ 
nous  Fluid,  and  putting  it  ynder  a  Receiver,  ex~ 

O  haufl 
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hauft  the  Air,  and  the  Liquor  will  rife  in  large 
frothy  Bubbles  and  run  over  the  Glais. 

Lor  the  Liquor  being  glutinous  contains  a  great 
Number  of  particles  of  Air,  which  upon  remov¬ 
ing  the  outward  Air  expand  thernfelves  *,  and 
as  they  cannot  difengage  themlelves  of  the  clam¬ 
my  Liquor  about  them,  they  rail e  it  up/  and  car¬ 
ry  it  over  the  Glais  in  the  Form  of  Froth. 

Put  an  empty  Glafs  Bottle  with  its  open  Mouth 
down  into  a  Glafs  Veffe  1  of  Water,  cover  both 
with  a  Receiver,  and  thence  exhauft  the  Air  ; 
the  Air  in  the  Bottle  will  be  then  obierved  to 
fwell  and  bubble  through  the  Water. 

Inferc  a  fmall  Glafs  Tube  open  at  each  End 
into  a  Bottle  Part  full  of  Water,  fo  that  the 
lower  End  of  the  Tube  may  be  below  the  Sur¬ 
face  of  the  Water ;  and  let  the  Infertion  be  made 
by  Means  of  a  Screw  and  Collar  of  Leathers,  in 
fuch  a  Manner'* that  no  Air  can  pa-fs  into  or  out 
of  the  Neck  of  the  Bottle  :  Let  the  Whole  be 
then  covered  with  a  tall  Receiver,  and  the  Air 
being  thence  exhaufted;  the  Water  will  rife  up 
through  the  Tube  in  Form  of  a  Jet,  which  will 
be  higher  or  lower  as  the  Receiver  is  more  or 
Ids  exhaufted  :  for  the  Air  in  the  Bottle,  by  its 
Endeavour  ,  to  expand  itfelf,  preffes,  x>n,  the  Sur- 
face  of{WW#f,he  Tube. 

The  Elaiticicy  of  the  Air  is  equal  to  the  Pref¬ 
lu  re  of. tjhe  Atmpfphere- J^cajuie  it  Tufain^that 
Preflure :  For^tlic  %  any 

other  Veffe],  will  expand  with  a  Force,  that  is 
equal  to?  chat  with  which  it  is  preffed  *,  Action 
Ee-acfion^  equal/^n d  contrary y  And 

^  ^  ""  A7.  '■  *  r  -^0?  hence 
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hence  the  Elafticity  of  a  fmall  Quantity  of  Air, 
is  equal  to  that  of  a  great  Quantity. 

The  Denfity  of  the  Air  is  always  as  the  Force 
that  prefifes  it,  and  therefore  the  Air  towards 
the  upper  Part  of  the  Atmofphere,  being  lefs 
prefifed  than  that  near  the  Earth,  it  will  thereby 
become  thinner-,  fo  that  the  farther  we  go  up. 
Mountains  we  find  the  Air  becomes  the  rarer, 
and  the  Rarity  is  found  to  be  fuch,  that  if  Al- 
titudes  in  the  Air,  be  taken  in  Arithmetical  Pro¬ 
portion  the  Rarities  of  the  Air  at  thefe  Altitudes 
will  be  in  Geometrical  Proportion.  Thus, 
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ma^Hiarfidy^y  Catculatibn  find,  that 
a  Cubic  Foot  of  commojy'Air  at  the  Height  of 
500  Miles  would  be  fo  much  rarified  or  expanded 
as  to  fill  a  Sphere  of  equal  Diameter  with  that 
of  the  Orbit  of  Saturn  ;  and  therefore  the  Planets 
may  eafily  move  through  the  Pleavens  without 
fuffering  any  fenfihle ..Reii fiance.  ■  \  ■ 

Though  by  this  Rule  for  finding  the  Rarity  of 
the  Air,  there  will  {fill  be  Air  at  infinite  Diftances, 
yet  at  -tAe '-Heigh tv of\  4®  #r  Myles,  it  is  fo 

.  ^  ^  '•  >*  v.  *  **■  u  »* 

rare,  that  what  is  above  that  Dilfance  is  inconfi- 
derable .  And  therefore,  the  Height  of  the  At¬ 
mofphere  is  generally  reckoned  to  be  about  45 
Miles.  H 

*  4Pj|  '  * 
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100  A  COURSE  of 

Since  the  Denfity  of  the  Air  is  proportionable 
to  the  Comp  re  fling  Force,  and  this  is  equal  ro 
the  Elaflic  Force  y  it  therefore  follows  that  in  af~ 
much  as  the  Denfity  is  increafed,  the  Elafficity 
wiil  be  increafed  in  the  fame  Proportion. 

Upon  this  Principle  are  foii  ided  artificial  Foun¬ 
tains,  which  play  by  Means  of  condenfed  Air : 
They  are  of  two  Kinds,  Single  and  Double. 

Fig.  52,  The  Tingle  Fountain  is  made  of 
Brafs.  and  is  every  where  fhut  except,  that 
through  the  Middle  of  the  Bafon  BB  there 
paffes  down  a  Pipe  PP,  whofe  lower  End  reaches 
nearly  to  the  Bottom  of  the  Fountain,  and  to  the 
upper  End,  there  is  fixed  a  Stop-cock,  by  Means 
of  which,  the  Pipe  may  be  fhut  or  opened  as 
Occafion  requires. 

Some  Part  of  the  Fountain  ADC  being  filled 
with  Water  poured  in  through  the  Pipe,  a  Con- 
denfer  or  forcing  Engine  is  fcrewed  to  the  Top 
of  the  Pipe  above  the  Cock,  by  Means  whereof 
a  great  Quantity  of  Air  is  driven  through  the  Pipe 
and  remains  condenfed  above  the  Surface  of  the 
Water  in  the  Fountain.  When  therefore  z he 
Condenfer  is  taken  off,  and  the  Cock  opened, 
the  condenfed  Air  above  the  Water,  preffing 
flrongly  on  it,  drives  the  Water  up  through  the 
Pipe,  and  thereby  forms  a  jet. 

The  Force  wherewith  Water  is  thrown  up,  is 
as  the  Denfity  of  the  included  Air,  above  the 
external  Air. 

Fig*  53.  The  double  Fountain  conhftsof  two 
fingle  ones,  as  AA,  and  BB, .  fattened  to  a  hollow 
Cylinder  CC  which  plays  upon  the  Pins  DD  as 

upon 
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upon  an  Axis:  Fach  Fountain  has  a  Pipe  P  whole 
lower  End  reaches  nearly  to  the  Bottom  of  its 
Fountain.  From  the  Bafon  of  the  Fountain 
A  A  there  illues  another  Pipe  TE  which  opens 
at  E,  in  the  Fountain  BB,  which  Pipe  neither 
communicates  with  the  Fountain  AA,  nor  with 
the  hollow  Cylinder  CC.  In  like  Manner  there 
iiTues  another  Pipe  in  the  Bafon  BB  which  paf- 
fes  through  that  Fountain  and  Cylinder,  and  opens 
i  in  the  Fountain  A  A. 

The  Whole  Machine  is  then  placed  in  an  up- 
right  Pollute  by  Means  of  a  Carriage  which 
fupports  it  ;  and  the  Pipes  of  the  lower  Fountain 
being  flopped,  water  is  conveyed  in  it  through 
the  Pipe  T,  which  iiTues  from  the  Bafon  of  the 
upper  Fountain ;  by  the  running  of  which  Wa¬ 
ter  into  the  lower  Fountain,  the  Air  contained 
therein,  becomes  condenfed  *,  if  then,  both  the  Pipes 
or  the  upper  Fountain  be  (lopped,  and  the  lower 
Fountain  be  turned  upon  its  Pins,  the  Water 
which  it  contains  will  fall  to  its  Bottom  and  the 
lower  End  of  the  Pipe  P  will  be  immerfed  therein, 
in  the  Manner  reprefented  in  the  upper  Fountain  ; 
fo  that  upon  op  ring  that  Pipe,  the  Water  will  be 
>  driven  through  it,  by  the  Rlafticity  of  the  condenfed 
Air,  and  as  it  falls  upon  the  Bafon,  it  will  be 
conveyed  thence  through  the  Pipe  T,  into  the 
lower  Fountain  ,  and  when  the  upper  is  exhaufted, 
i  and  ceafes  to  play  ;  if  its  Pipes  be  flopped,  and 
turned  downwards  as  before,  the  other  may  be 
feta  going  in  the  fame  Manner^  and  fo  on  as 
jj  long  as  you  pleafe. 

I 


3* 


1 


102  A  COURSE  of 

3.  That  Heat  will  rarifie  Air. 

Air  being  heated  will  rarifie  or  be  made  to 
fwell  and  expand  itfelf  ;  and  this  Property  may 
be  fully  evinced  by  tying  up  a  fmall  Quantity 
of  Air  in  a  Bladder,  and  laying  it  before  a  Fire  ; 
the  Air  in  the  Bladder  will  be  fo  much  rarified 
by  the  Heat,  as  fo  me  times  to  caufe  the  Bladder 
to  fwell  as  if  it  were  blown  up  tight. 

Wind  is  a  neceifary  Confequence  of  this  Pro¬ 
perty  of  Air ;  for  when  the  Air  is  heated  by 
the  Sun,  or  by  any  culinary  Fire,  it  will  fwell 
and  drive  the  adjacent  Air  away  ;  and  thus,  by 
various  Degrees  of  Heat,  in  different  Places, 
there  will  arife  various  Winds. 

Hence  if  Air  be  very  much  heated,  it  will 
afcend  towards  the  upper  Part  of  the  Atmofphere, 
and  the  adjacent  Air  will  rufh  in  to  fupply  its 
Place ;  and  therefore  there  will  be  a  Wind,  a 
Stream  or  Current  of  Air  from  all  Parts,  towards 
the  Place  where  the  Heat  is ;  which  is  the  Rea- 
fon,  why  Air  ruflies  with  great  Violence,  into 
the  Door  of  a  Cdafs-houfe,  or  through  the  Key¬ 
hole  of  a  Door,  or  through  any  fmall  Chink 
of  a  Room  wherein  is  a  Fire,  as  well  as  that 
Smoak  is  carried  up  a  Chimney  :  Take  it  in 
general,  that  the  Air  will  prefs  towards  that 
Part  of  the  World  which  is  moil  heated. 

Upon  this  Account  it  is,  that  the  Trade-winds 
at  or  about  the  Equator,  conflantly  blow  from 
the  Eaft  towards  the  Weft;  for  when  the  Sun 
fhines  perpendicularly  on  any  Part  of  the  Earth, 

it 
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it  will  heat  the  Air  which  is  over  that  Part  greatly, 
and  occafion  it  to  rarifie  and  rife  upwards  j  and 
this  will  occafion  the  adjacent  Air  to  rufh  in, 
to  fill  up  the  Vacuity,  which  will  confequently 
caufe  a  Wind,  Stream,  or  Current  of  Air  from 
all  Parts,  towards  the  Sun  :  And  (ince  the  Sun, 
with  refpecf  to  the  Earth,  moves  from  Eaft  to 
Weft,  the  common  Courfe  of  the  Air  will  be 
alfo  that  Way  continually  prefling  after  the  Sun  ; 
and  therefore,  at  the  Equator  where  the  Sun  fhines 
ftrongly,  there  will  be  a  continual  Eafterly  Wind  ; 
but  on  the  North  Side  it  will  incline  a  little  to  the 

.k, 

North,  and  on  the  South  Side  a  little  to  the 
South. 

1 

This  general  Courfe  of  Trade-winds,  about  the 
Equator,  is  changed  in  feveral  Places,  and  upon 
feverai  Accounts. 

1.  By  the  Attraction  of  the  Moon,  which  on  the 
Meridian  may  as.  reasonably-  be  fuppofed  to  raife 
or  fwell  the  Air,  as  it  does  the  Water  in  the 

Tides. 

2.  By  certain  Exhalations  that  rife  out  of  the 
Earth,  at  certain  Times,  and  from  certain  Places, 
by  Earthquakes  efpecially,  and  by  Volcanos. 

3.  By  the  fall  of  great  Quantities  of  Rain, 

HaiL  or  Snow  which  caufe  a  Bidden  Condenfation 
* 

or  Contraction  in  the  Air. 

4.  By  the  fudden  melting  of  Snow  on  the 
Mountains,  which  caufes  the  Condensation  near 
them  fuddenly  to  ceafe. 

5.  By  burning  .Sands  that  retain  the  folarHeat, 
to  a  Degree  incredible  to  thofq  who  have  not  felt  it, 

can  fin  s' 

'  1  >  .  cv* 


io4  if  COURSE  of 

cauftng  a  more  than  ordinary  Degree  of  Rare- 
faction  in  the  Air,  which  Is  over  them. 

6.  By  the  Oppofition  of  high  Mountains  that 
reflect  the  Wind,  and  alter  the  Line  of  Direc¬ 
tion. 

7 •  By  the  Suns  declining  towards  the  North, 
or  South,  and  thereby  heating  and  rarefying  the 
Air  in  this  or  that  Part  of  the  Earth  All  which 
particular  Caufes  may  chance  either  to  confpire 
with,  and  ftrengthen  the  general  one  before  cited, 
or  may  oppofe  in  Part  or  leffen  its  Efforts,  accord¬ 
ing  to  the  Diverfity  of  Time,  Place,  and  Circum- 
fiance  that  may  happen  in  the  Courfe  of  Things.. 

To  tfoefe  Particulars,  or  fuch  like,  are  owing. 

1.  The  great  irregularity,  and  uncertainty  of 
Winds,  in  Places  which  are  far  from  the  Equator, 
as  in  mo  ft  Parts  of  Europe. 

2.  Thofe  periodical  Winds,  which  blow  half 
a  Year  oneWay,  and  the  other  half  another  Way, 
as  in  the  Indian  Sea. 

3.  Thole  Winds,  which  on  the  Coafts  of  Gui¬ 
nea,  and  on  the  Weftern  Coafts  of  America  blow 
always  from  the  Weft  to  the  Eaft. 

4.  Sea  Breezes,  which  in  hot  Countries  blow 
generally  from  Sea  to  Land  in  the  Day  Time  ; 
and  the  Land  Breeze,  which  blows  in  the  Night: 
And  in  Ihort  all  thole  Storms,  Hurricanes,  Whirl-  , 
winds,  and  Irregularities  which  happen  in  diffe-  1 
rent  Times  and  Places,  mud  proceed  from  fame 
fuch  Caufes  as  thofe  before  mentioned. 

Particular  Defcriptions  of  the  Motions  of  the 
Air  in  various  Parts  of  the  World  might  be  eafily 
given,  but  as  this  would  be  a  tedious  Talk,  we 

fhall 
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iliall  proceed  to  explain  the  Nature  of 

Sounds. 


That  Sounds  depend  on  the  tremulous  Mo¬ 
tions  of  the  Air,  will  be  manifeft  by  placing  a 
Bell  under  a  Receiver,  in  fuch  a  Manner  as  that 
it  may  be  rung  at  Pleafure *  upon  drawing  the 
Air  out  of  the  Receiver,  the  Sound  of  the  Bell 
will  be  lefs  and  lefs  audible  the  more  the  Air  is 
exhaufted,  fo  as  at  laft  almoft  to  die  away  add 
fcarcely  to  be  heard  ;  and  again  upon  readmitting 
the  Air,  the  Sound  will  revive  and  Will 
increafe  the  more  as  the  Air  is  let  in. 

Y/hen  the  Parts  of  a  Bell,  Drum,  Mufical 
String,  or  any  other  Elaflic  Body,  are  fet  in  Mo¬ 
tion  by  a  Stroke,  they  vibrate,  or  move  forward 
and  backward  alternately  through  very  fmali 
Spaces  5  in  going  forward  they  comprefs  the  Air* 
and  in  returning  backward  the  compreffed  Air  ex¬ 
pands  itfelf  *  fo  that  the  Parts  of  the  Air,  which 
are  contiguous  to  the  fonorous  or  trembling  Body* 
go  and  return  in  the  fame  Manner,  with  the  Parts 
of  the  Body,  and  thefe  again  agitate  thofe 
Parts  of  the  Air  which  are  beyond  them*  and 
fo  on  kill  at  lad:  the  Motion  ceafes :  So  that 
Sounds  are  propagated  every  Way,  as  it  were 
from  the  Center  to  the  Superficies  of  a  Sphere. 

The  Propagation  of  Sounds  may  very  well  be 
compared  with  Circles  made  in  the  Water,  by 
throwing  a  Stone  into  it.  And  as  thofe  which 
are  made  in  a  running  Stream,  extend  themfelves 
further  towards  the  lower  than  towards  the  upper 
Part  of  the  River,  becaufe  the  whole  Water  iti 
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which  they  are  formed  carries  them  that  way: 
So  likewife  we  may  conceive,  that  if  the  Wind 
carries  the  Air  towards  one  certain  Place,  the 
trembling  Motion  in  which  Sound  confids,  will 
fooner  go  in  this  way  than  the  contrary.  Thus 
we  find  by  Experience,  that  the  Sound  of  a  Ca¬ 
non,  and  in  general  all  other  Sounds  are  heard 
fooner  with  the  Wind  than  againft  it.  And  it 
may  happen,  that  Air  may  be  moved  fo  quick, 
that  its  Parts  may  fly  from  us  as  fad  as  the  Sound 
goes,  and  fo  it  may  not  be  heard  at  ail. 

Becaufe  the  trembling  Motion  of  the  Air,  in 
which  Sounds  confid,  is  communicated  gradually, 
fo  as  to  affedfc  thofe  Parts  which  are  near  the 
founding  Body,  fooner  than  thofe  that  are  further 
off*,  the  Sound  mud  neceffarily  take  up  fome 
Time  in  going  along,  and  thus  we  find  by  Ex¬ 
perience,  that  if  a  Canon  be  difcharged  at  two 
cr  three  Miles  Didance,  that  we  fee  the  Fladt 
fome  Time  before  we  hear  the  Noife. 

Hence  the  Velocity  of  Sound  is  found  to  be 
1142  Feet  in  one  fecond  of  Time;  and 
thus  the  Didance  of  any  Ship  that  fires  a  Gun 
at  Sea,  may  be  known  by  means  of  a  Watch 
that  mealures  Seconds,  by  obferving  the  Time 
between  the  Flalh  and  the  Report. 

The  further  the  founding  Body  is  off,  the  Jefc 
will  be  the  Noife,  becaufe  the  tremulous  Motion 
©f  the  Air  fpreads  wider  fuccefiively,  and  thereby 
becomes  weaker  ’till  at  length  it  dies  away. 

The  Sounds  of  Mufical  Strings,  confid  in  the 
Agitation  they  are  put  in,  by  the  Bow  being  made 
rough  with  Rofin;  for  if  the  Bow  be  rubbed 
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with  Tallow  or  Oil,  the  Strings  will  have  no 
Sound,  beeaule  they  flip  under,  and  are  not 
fhaken  by  it. 

The  Sounds  of  drinking  Glafies,  as  made  by 
rubbing  the  Finger  about  the  Rims,  are  of  the 
fame  Nature  with  the  Strings  of  a  Violin ;  for 
the  Finger  here  fupplies  the  Place  of  a  Row. 

The  Sound  of  a  Bell  is  occafioned  by  the  Stroke 
of  the  Clapper  againft  it,  which  alters  its  Figure 
a  little  from  a  Circle  to  an  Oval  :  And  becaufe 
it  is  made  of  a  Metal  ftiff,  but  elaftic  or  fpringy, 
that  Part  which  is  moft  diftant  from  the  Center, 
returns  towards  it  fomething  nearer  than  at  firftj 
fo  that  the  Places  which  were  the  Extremities 
of  the  Jongeft,  will  become  thofe  of  the  fhorteft 
Diameter ;  and  thus  the  Figure  of  the  Bell  is 
changed  all  the  Time  it  is  ringing.  This  will  be 
more  manifeft  to  any  Perfon  who  lays  his  Hand 
upon  a  large  Bell,  juft  when  the  Clapper  ftrikes, 
for  he  will  be  affe&ed  with  a  furprizing  Numnefs; 
and  the  Hand  being  laid  upon  a  fmall  Bell  will 
either  damp,  or  quite  flop  its  Sound. 

The  Sound  raifed  by  ftriking  a  piece  of  Wood, 
or  in  general  any  hard  founding  Body,  confifts 
in  its  tremulous  Motion,  which  is  owing  to  its 
Elafticity  or  fpringing  Force. 

Hence  all  Bodies  that  are  void  of  Elafticity, 
have  a  low  or  imperfect  Sound. 

Since  Sound  is  propagated  every  Way,  from- 
the  Center  to  the  Surface  of  a  Sphere,  it  is  plain 
that  two  Perfons  who  are  not  in  the  fame  con¬ 
centric  Circle  or  Sphere  cannot  hear  the  Sound 
at  the  fame  Inftant  of  Time.  And  if  the  Motion 
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pf  Air,  which  might  be  communicated  to  a  great 
Diftance,  meets  fome  hard  Body  which  it  can- 
pot  fhake,  it  may  caufe  the  Motion  to  refleCt  or 
return  backward,  and  this  redoubled  Sound  is 
called  an  Echo „ 

If  Sound  meets  feveral  Bodies  at  different  Dif- 
tances,  which  are  capable  of  reflecting  it  back 
again,  and  if  that  which  returns  from  the  mofli 
diftant  Place,  {trikes  upon  the  Ear,  after  the 
Jmprefllon  of  the  former  is  quite  gone  off,  it 
muff  in  its  turn  produce  a  new  Senfation  of  Sound. 
Hence  it  is  evident  we  may  meet  with  Echos  which 
will  repeat  the  fame  Word  feveral  Times. 

The  more  a  Mufical  String  is Jlrained,  th zjhar- 
fer  is  the  Sound,  for  its  Vibrations  will  become 
the  quicker  ;  and  the  loo  fer  the  Strings  are,  the 
Vibrations  will  be  flower  •,  and  therefore  the  Sound 
will  be  more  flat :  And  this  is  the  Reafon  of  Elats 
snd  Sharps  in  Mufic. 

When  two  founding  Bodies  ffrike  the  Air  at  the 
fame  Time,  they  imprefs  fuch  a  Motion  upon 
it,  as  is  compounded  of  the  two  Motions,  if 
they  adled  upon  it  feperatelyj  and  confequently 
the  Air  puts  the  Organ  of  hearing,  into  fuch  a 
tremulous  Sort  cf  Motion,  as  gives  a  Senfation 
of  diflinguifhing  the  two  Sounds  feperately. 

If  two  Strings,  or  any  other  founding  Bodies, 
do  fo  exaCfly  agree  in  their  Vibrations  of  Pulfes? 
as  to  ilrike  the  Air  at  one  and  the  fame  Time, 
or  if  they  ffrike  together  every  fecond  or  third 
Stroke  ;  or  if  one  performs  5  whilft  the  other 
performs  6  Vibrations ,  then  the  Ear  will  be 
Uniformly  ffruck  upon3  and  in  fuch  a  Meafure, 
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that  it  will  perceive  the  Difiance,  and  be  pleafed 
with  the  Cadence  ;  and  this  is  the  Reafon  w  hy 
Muficians  call  thefe  Pulfes  Concords ;  as  an  Unifon 
and  Oftave,  a  Fifth  and  a  'Third  are. 

On  the  contrary,  if  Vibrations  fo  far  difagree 
as  not  to  ftrike  together,  or  meet  each  other, 
we  mull  perceive  an  inequality,  and  fomething 
difagreeable  and  harfh  in  the  Sounds  ;  and  thefe 
Muficians  call  Di fiords. 

Some  may  perhaps  think  that  the  longelt  and 
fhortell  Vibrations  of  a  Mufical  String,  are  not 
performed  in  the  fame  Time  ;  but  upon  due  exa¬ 
mination  they  will  find  them  to  be  exactly 
equal. 

If  two  Strings  of  the  fame  or  of  different  Lutes 
be  Uni  fins,  that  is,  if  the  Number  of  Vibrations 
of  the  one  be  equal  to  thofe  of  the  other,  in 
the  fame  Time,  we  cannot  move  one  but  the 
other  will  found  alfo,  or  at  lead  it  will  tremble; 
whereas  it  will  not  tremble  at  all,  if  we  move 
any  other  String  near  it  which  is  a  Difiord.  For 
the  Strings  which  are  Concords  being  capable  of 
the  fame  Vibrations,  very  conveniently  commu¬ 
nicate  them  to  each  other,  and  there  can  be  no 
Agreement  in  them,  if  the  Strings  are  not  Unifons , 
becaufe  the  Air  which  is  put  in  Motion  by  the 
one,  does  not  find  the  other  difpofed  to  receive 
its  Motion  •,  fince  every  Stroke  except  the  firfl 
being  out  of  Time  they  confpire  to  deftroy  each 
other’s  Motion. 

This  Difpofition  that  a  Body  has  to  move, 
when  the  Air  is  fhaken  by  another  Body,  is  to 
be  found  in  other  Things  as  well  as  in  the 
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Strings  of  a  Lute,  or  other  Mufical  fnftrument :  This 
has  been  experienced  by  Gentlemen  in  the  Army, 
when  they  have  obferved  the  GJafs  Windows  to 
tremble  very  fenfibly  upon  beating  of  a  certain 
Drum,  and  at  the  fame  Time  would  not  tremble 
at  ail  upon  beating  of  others  which  are  much 
louder. 

So  likewife  if  two  Glaffes,  by  putting  in  a 
proper  Quantity  of  Water,  be  made  Uni(ons% 
the  prefling  of  our  Finger  hard  upon  the  Edge 
of  either  of  them,  and  moving  it  round,  will 
make  the  Water  in  the  other  curl,  and  dance 
about. 

Mr.  Boyle  tells  us  that  upon  difcharging  of 
Canons,  a  Tick  Man  who  had  his  left  Hand  cut 
off,  thought  himfelf  almoft  fhattered  and  torn  to 
Pieces;  of  another  that  upon  fcraping  a  piece  of 
Iron  with  a  Knife,  he  could  not  hold  his  Water; 
and  of  a  third,  that  upon  tearing  thick  Paper 
his  Gums  would  bleed. 

To  thefe  fort  of  Motions  may  be  afcribed  the 
Caufe  of  certain  Sbiver'ingsr  which  we  fometimes 
feel  all  over  our  Body,  and  which  reaches  even 
to  the  Heart,  upon  hearing  the  found  of  a  Trum¬ 
pet,  a  Concert  of  Mufic,  &V.  For  it  may  be 
that  the  Blood  is  difpofed  to  yield  eafily  to  the 
trembling  of  the  Air. 

And  becaufe  the  Membrane  or  Brum  of  the 
Ear,  which  is  fc^mething  like  Parchment,  being 
agitated  by  the  external  Air,  caufes  different  Mo¬ 
tions  on  the  Capiiliments  of  the  Nerves  of  the 
Ear  ;  therefore  it  will  be  more  or  lefs  fhaken 
according  as  it  is  more  or  lefs  ftretched  ;  fo  that 
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Attention  confifts  in  nothing  elfe  but  in  a  due 
firetching  or  ioofening  of  this  Membrane,  and 
by  keeping  it  in  that  Pofition  where  it  will 
beft  receive  the  Impreffion  and  Motion  which 
Sound  gives  to  the  external  Air. 

Of  the  Diving  Bell . 

The  Diving  Bell  is  a  large  Veflel  of  Wood 
or  Copper,  with  Weights  about  the  Bottom  M 
Order  to  make  it  fink,  when  full  of  Air,  with 
the  Mouth  of  the  Bell  downwards :  The  Diver 
fitting  under  his  Bell  is  let  down  with  the  included 
Air,  to  the  Depth  defired. 

The  Management  of  this  Machine  depends 
upon  the  Knowledge  of  the  following  Princi¬ 
ples. 

1.  That  a  Body  being  immerfed  in  a  homo- 
geneal  or  a  like  Flui \  is  always  prefled  with  a  Force 
proportional  to  its  Diftance  from  the  Surface. 

2.  That  the  Denfity  of  Air  is  always  as  the 
Force  that  prefles  it,  that  is  with  a  double  Preflure, 
it  will  be  prefled  into  half,  or  with  a  triple 
Preflfure  into  one  third  of  the  Space  it  before 
poflefled. 

3.  That  Air  is  vitiated  by  pafling  through  the 
Lungs  of  Animals. 

Doff  or  Halley’s  Defpription  of  his  Diving  Bell, 

The  Bell  I  made  ufe  of  was  of  Wood,  con¬ 
taining  about  fixty  Cubic  Feet  in  its  Concavity, 
and  was  in  the  Form  of  a  Truncate  Cine,  whofe 
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Diameter  at  the  Top  was  three  Feet,  and  at 
bottom  five.  This  I  coated  with  Lead  fo  heavy 
that  it  would  fink  empty,  and  I  diftributed  the 
Weight  fo  about  its  Bottom,  that  it  would  go 
down  in  a  perpendicular  Situation  and  no  other* 
In  the  Top  I  fixed  a  ftrong*  but  clear  Giafs,  as 
a  Window  to  let  in  the  Light  from  above  \  and 
likewife  a  Cock  to  let  out  the  hot  Air  that  had 
been  breathed  5  and  below,  about  a  Yard  under 
the  Bell,  I  placed  a  Stage  which  hung  by  three 
Ropes,  each  of  which  was  charged  with  about 
one  Hundred  Weight,  to  keep  it  fieddy.  This 
Machine  I  fufpended  from  the  Mail  of  a  Ship 
by  a  Sprit ,  which  was  fufficiently  fecured  By  Stays 
to  the  Maft  Head,  and  was  directed  by  Braces 
to  carry  it  over  Board,  clear  of  the  the  Ship’s 
Side,  and  to  bring  it  again  within  Board,  as 
Occafion  required. 

To  fupply  Air  to  this  Bell  when  under  Water 
I  caufed  a  couple  of  Barrels  of  about  thirty-fix 
Gallons  each,  to  be  cafed  with  Lead,  fo  as  to 
fink  empty ;  each  having  a  Bung  Hole  in  its 
loweft  Part  to  let  in  the  Water,  as  the  Air  in  them 
condenfed  on  their  Defcent;  and  to  let  it  out 
again  when  they  were  drawn  up  full  from  below  : 
And  to  a  Hole  in  the  uppermoft  Part  of  thefe 
Barrels,  I  fixed  a  leathern  Trunk  or  Hofe ,  well 
liquored  with  Bees.wax  and  Oil,  and  long  enough 
to  fall  below  the  Bung-hole,  being  kept  down 
by  a  Weight  appended,  fo  that  the  Air  in  the 
upper  Part  of  the  Barrel,  could  not  efcape  unlefs 
the  lower  Ends  of  the  Hofe  were  firft  lifted  up. 
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The  Air  Barrels  being  thus  prepared,  l  fitted 
them  with  Tackle  proper  to  make  them  rife  and 
fall  alternately,  after  the  Manner  of  two  Buckets 
in  a  Well .  Which  was  done  with  fo  much  Eafe, 
that  two  Men  with  lefs  than  half  their  Strength 
could  perform  all  the  Labour  required  ^  and  in 
their  Defcent  they  were  directed  by  Lines  fattened 
to  the  under  Edge  of  the  Bell,  the  which  pafled 
through  Rings  placed  on  both  Sides  of  the 
Leathern  Hofe  in  each  Barrel ;  lo  that  Hiding  down 
by  thofe  Lines,  they  came  readily  to  the  Hand 
of  a  Man  who  flood  on  the  Stage,  on  purpofe 
to  receive  them,  and  to  take  up  the  Ends  of  the 
Hofe  into  the  Bell.  Through  thefe  Hofe,  as  Toon 
as  their  Ends  came  above  the  Surface  of  the 
Water  in  the  Barrels,  all  the  Air  that  was  included 
in  the  upper  Parts  of  them,  was  blown  with  great 
B'orce  into  the  Bell,  while  the  Water  entered  at 
the  Burfg-holes  below  and  filled  them  :  and  as 
foon  as  tfie  Air  of  the  one  Barrel,  had  been  thus 
received,  upon  a  Signal  given,  that  was  drawn  up, 
and  at  the  fame  Time  the  other  defcendcd  ;  and 
by  an  alternate  Spccefiion,  furnifhed  Air  fo  quick 
and  in  fo  great  plenty,  that  I  my felf  have  been 
one  of  five,  who  have  been  together  at  the 
Bottom,  in  nine  or  ten  Fathoms  Water,  for 
above  an  Hour  and  a  half  at  a  Time,  without 
any  fort  of  ill  Confequence  •,  and  I  might  have 
continued  there  as  long  as  I  pleafed,  for  any  Thing 
that  appeared  to  the  contrary.  Befides,  the  whole 
Cavity  of  the  Bell  v/as  kept  entirely  free  from 
Water,  fo  .that  I  fat  on  the  Bench,  which  was 
diametrically  placed  near  the  Bottom,  wholly 
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dreffed  with  all  my  Cloaths  on  ;  I  only  obi’crvcd 
that  it  is  necefiary  to  be  let  down  gradually  at 
iirft,  at  about  twelve  Feet  at  a  Time,  and  then 
ftop  and  drive  out  the  Water  that  entered,  by  re¬ 
ceiving  three  or  four  Barrels  of  frefh  A  ir,  before 
I  defeended  farther.  But  being  arrived  at  the 
Depth  defigaed,  I  then  let  out  as  much  of  the 
hot  Air  that  had  been  breathed,  as  each  Barrel 
would  replenifh  with  cool,  by  means  of  the  Cock 
at  the  Top  of  the  Beil  ;  through  whofe  Aperture* 
though  very  fmall,  the  Air  would  rufh  with  fo 
much  Violence,  as  to  make  the  Surface  of  the 
Sea  boil and  cover  it  with  a  white  Foam,  not- 
withftanding  the  great  Weight  of  Water  over 
us. 

Thus  I  found  I  could  do  any  Thing  that  was 
required  to  be  done  juft  under  us  ;  and  that  by 
taking  off  the  Stage,  I  could  for  a  Space  as  wide 
as  the  Circuit  of  the  Bell,  lay  the  Bottom  of  the 
Sea  fo  far  dry,  as  not  to  be  over  Shoes  thereon* 
And  by  the  Glafs-window,  fo  much  Light  was 
tranfmitted,  that  when  the  Sea  was  clear,  and 
cfpecially  when  the  Sun  fhone,  I  could  fee  per¬ 
fectly  wey  to  write  or  read,  much  more  to 
fallen  and  lay  hold  of  any  Thing  under  us  that 
was  to  be  taken  up.  And  by  the  return  of  the 
Air  Barrels,  I  often  fent  up  Orders,  written 
with  an  Iron  Pen  on  fmall  Plates  of  Lead,  di¬ 
recting  how  to  move  us  from  Place  to  Place  as 
Occafion  required.  At  other  Times  when  the 
Water  was  troubled  and  thick,  it  would  be  as 
dark  as  Night  below*  but  in  fuch  a  Cafe  I  have 
been  able  to  keep  a  Candle  burning  in  the  Bell 
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as  long  as  I  pleafed,  notwithftanding  rhc  great 
Expence  of  Air  requifite  to  maintain  Flame* 

This  I  take  to  be  an  Invention  applicable  to 
various  Ufes ;  fuch  as  Fifhing  for  Pearl ,  Diving 
for  Coral \  Spunges  and  the  like,  in  far  greater 
Depths  than  has  hitherto  been  thought  poflible  : 
Alfo  for  fitting  and  plaining  of  the  Foundation 
of  Moles,  Bridges,  fcfr.  upon  rocky  Bottoms 
and  for  the  cleaning  and  fcrubbing  of  Ships  Bot¬ 
toms  when  foul,  in  calm  Weather  at  Sea.  But 
as  I  have  no  Experience  of  thefe  Matters,  I  leave 
them  to  thofe  that  pleafe  to  try.  I  fhall  only 
intimate,  that  by  an  additional  *  Contrivance, 
I  have  found  it  not  impracticable  for  a  Diver  to 
go  out  of  our  Engine  to  a  good  Di fiance  from 
it,  the  Air  being  conveyed  to  him  with  a  conti- 
Rued  Stream,  by  fmall  flexible  Pipes;  which 
Pipes  may  ferve  as  a  Clew  to  diredl  him  back 
again  when  he  would  return  to  the  Bell/’ 

CHAP. 


*  The  Contrivance  here  mentioned,  was  a  Veflel  made  in 
the  Shape  of  a  Bell,  fo  big  as  to  cover  a  Man’s  Head  and 
Shoulders;  this  was  put  over  a  Divers  Head  tnd  with  it  he 
walk’d  out  of  the  Bell  upon  the  Bottom  of  the  Sea  up  and 
down,  and  had  the  Air  conveyed  to  him  by  flexible  Tubes* 
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CHAP.  VI. 

Of  Optics,  or  the  Properties  of  Light . 

T  1G  HT  is  a  moll  fubtile  Fluid  whofe  particles 
are  exteamly  (mall;  and  are  thrown  off  from 
Luminous  Bodies  by  the  vibrating  Motions  of 
their  Parts  with  a  furprizing  great  Velocity  ;  for 
it  is  found  by  means  of  the  Eclipfes  of  the  Satel¬ 
lites  of  ]  up  it  e  r  that  they  pafs  from  the  Sun 
to  the  Earth  in  about  feven  Minutes  ;  for  thefe 
Eclipfes  when  the  Earth  is  between  the  Sun  and 
Jupiter,  are  found  to  ‘happen  about  feven 
.Minutes  fooner  than  they  ought  to  do 
by  Aftronomical  Tables  ;  and  when  the  Earth 
is  beyond  the  Sun  with  refpe£t  to  Jupiter,  they 
happen  about  feven  Minutes  later  than  they  ought 
to  do;  fo  that  in  the  latter  Situation  of  the 
Earth,  they  are  found  to  happen  about  fourteen 
Minutes  later  than  in  the  former;  that  is  light 
will  pafs  through  the  Diameter  of  the  Earths 
Orbit  in  fourteen  Minutes,  or  from  the  Sun  to 

the  Earth,  which  is  Eighty-one  Millions  of  Miles 
in  feven  Minutes. 


Droptics  or  the  Nature  of  the  Refract  on  of 

Light . 

That  the  Motion  of  Light  is  rectilineal  is 
evident  from  the  Shadows  which  opaque  Bodies 
calf  .  when  placed  in  the  Light  of  the  Sun,  or  of 

any 
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any  other  luminous  Body ;  and  yet  the  Beams 
or  Rays  of  Light,  in  palling  out  of  one  trans¬ 
parent  Body  or  Medium ,  as  Air,  Water,  Glafs, 
■  Diamond,  a  Vacuum,  &c.  into  another  of  a  dif¬ 
ferent  Denfity,  are  bent  or  turned  out  of  their 
Way,  or  they  are  made  to  change  the  Direction 
of  their  Motion  ;  and  this  bending  or  change  of 
Direction  is  called  Refraction ;  and  it  is  fpund, 
that  Rays  which  pafs  from  a  rarer  into  a  denfer 
Medium ,  bend  towards  a  perpendicular  Line, 
let  fallen  from  the  Point  of  Incidence  on  the  re- 
framing  Surface  }  and  on  the  contrary,  when  they 
pafs  out  of  a  Denfer  into  the  rarer  Medium ,  they  de¬ 
cline  or  bend  from  that  Perpendicular. 

Fig.  54.  Thus  let  the  Veffel  ABCD  which  we  are 
firft  to  fuppofe  to  be  empty,  be  placed  where 
the  Sun  fhines  obliquely,  and  let  the  Point  B 
where  the  fhadow  of  the  Brim  D  falls  on  the 
Bottom  of  the  Veffel,  be  obferved  •,  then  let  the 
Veffel  be  filled  to  any  Height  as  E  F  with  Water, 
and  let  the  Point  of  Incidence  L  where  the  Sha¬ 
dow  of  the  Brim  D,  or  the  Ray  I  L,  will  fall 
on  the  Surface  of  the  Water,  be  alfo  obferved  ; 
and  fuppofe  the  Perpendicular  GLH  to  be  drawn 

through  the  Point  of  Incidence  L  ;  then  it  will 

' 

be  found  that  the  Shadow  of  the  Brim  will  no 
longer  be  feenjn  the  Point  B  at  the  Bottom  of 
the  Veffel,  but  at  fome  other  Point,  as  at  K  which 
is  nearer  to  the  faid  Perpendicular ;  for  by  Degrees, 
as  the  Water  is  poured  in,  the  Shadow  at  B  will 
he  found  to  creep  nearer  and  nearer  to  the  Per¬ 
pendicular,  the  more  you  fill  the  Veffel,  that 
is,  it  wijl  be  the  more  refrafted  towards  the 

Perpen- 
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Perpendicular,  the  more  the  Veffel  is  filled.  And 
on  the  contrary,  if  we  fuppofe  K  L  M  to  be  z 
Ray  of  Light  patting  from  Water  into  Air,  in- 
ffead  of  its  Motion  being  found  in  M  L  the 
Direction  of  the  Line  LK,  it  will  be  found  to 
recede  more  from  the  Perpendicular,  or  to 
LDL 

If  a  Stick  be  laid  over  a  Veffel  when  the 
Sun  is  in  the  Zenith  or  dire&ly  over  Head,  the 
Shadow  will  fall  upon  the  fam|  Part  of  the  Bot¬ 
tom  of  the  Veffel  whether  it  be  full  or  empty  ; 
fo  that  Perpendicular  Rays  fuffer  no  Refrac¬ 
tion. 

The  bending  of  Rays  or  Refraction  to  or  from 
the  Perpendicular,  feems  owing  to  the  Superiority 
of  Attraction,  that  the  denfer  has  to  the  rarer 
Medium ;  which  is  alfo  more  or  lefs,  as  the 
Rays  fall  more  or  lefs  obliquely  on  the  refracting 
Surface,  which  divides  the  Mediums. 

Put  the  End  of  a  ftrait  Stick  obliquely  into  a 
Veffel  of  Water,  and  look  upon  it  obliquely, 
it  will  appear  to  be  bended  at  the  Surface  of  the 
Water,  in  the  fame  Manner  as  the  Rays  of  Light 
are  bent,  but  in  a  contrary  Direction. 

If  you  put  a  Shilling  at  the  Bottom  of  a  Bafon 
or  Cup,  and  withdraw  yourfelf  from  it  by  Degrees, 
Xo  as  to  loofe  the  Sight  of  the  Shilling,  then 
if  the  Veffel  be  but  partly  filled  with  Water, 
you  will  fee  the  Shilling  very  plainly. 

Hence  it  is  that  we  always  fee  the  Sun  before 
it  rifes,  and  after  it  fees,  becaufe  the  Atmofphere 
about  the  Earths  Surface  is  more  denfe  at  the 

rifing 
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rifing  or  fetting  of  the  Sun,  than  at  any  other 
Time  of  the  Day. 

What  has  been  faid  of  Water  may  be  applied 
to  any  other  tranfparent  Body,  only  the  Refra&ion 
of  fome  is  greater  than  in  others. 

The  Angle  I L  G  (fee  the  foregoing  Figure) 
contained  between  the  Ray  IL  and-the  Perpendi¬ 
cular  L  G  is  called  the  Angle  of  Incidence ,  and 
the  Angle  KLH  contained  between  the  fame 
Perpendicular,  and  the  fame  Ray  after  Refraction, 
is  called  the  Angle  of  RefraBion. 

The  Sine  of  the  Angle  of  Incidence,  is  to  the 
Siae  of  the  Angle  of  RefraCtion,  always  in  a 
given  Ratio.  Thus,  When  a  Ray  of  Light  paffes 
out  of  Air  into  Glafs,  the  Ratio  is  as  3  to  2,  out 
of  Air  into  Water  as  4  to  3,  out  of  Air  into 
Diamond  as  5  to  2. 

Hence  we  may  eafily  fee,  how  Rays  will  pafs 
through  all  forts  of  Glaflfes. 

Of  Glaffes. 

.  -  ;  ...  1  1 

Glafs  may  be  ground  into  thefe  fix  different 
Shapes. 

1.  A  plane  Glafs ,  or  one  that  is  ground  quite 
plane  or  flat  on  each  Side,  and  whofe  Parts  are 
every  where  equally  thick. 

2.  A  Plano-convex ,  or  one  that  is  plane  or  flat 
on  one  Side,  and  Convex  or  round  on  the 
other. 

3.  A  Double-convex,  or  one  that  is  Gfonvex  on 
each  Side. 
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4.  A  Plano-concave,  or  one  that  is  concave  or 
hollow  on  the  one  Side,  but  plain  on  the  other. 

5.  A  Double- concave,  or  one  that  is  concave  on 
each  Side. 

6.  A  Minifcus ,  or  one  that  is  ground  concave 
on  one  Side*  and  convex  on  the  other.  And  of 
thefe  in  Order. 

1.  Fig.  55.  If  a  Ray  of  Light,  pa  fifes  through 

a  plane  Glafs,  it  will  go  in  and  pafs  out  in  the  1 
fame  Direction,  though  not  precifely  in  the  fame 
Right-line:  Thus,  if  a  Ray  of  Light  RD  fall 
obliqtiely  on  the  Surface  of  the  Glafs  AD,  it  will 
be  refradted  in  the  Diredtion  CD,  fiom  what  has 
been  juft  faid  ;  but  when  it  comes  out  of  the 
Glafs  at  C  into  the  Air,  it  will  be  refradted  in  a 
contrary  Way  $  fo  that  EC  wilJ  be  parrallel  to 
RD. 

2.  Fig.  56.  If  parallel  Rays  of  Light  pafs 

through  a  Convex  Glafs,  they  will  be  colledled 
and  converge  in  a  Point  behind  it:  Thus,  the  Ray 
RD  which  falls  perpendicularly  in  the  Middleofthe 
Glafs,  will  go  through  it  without  fuffering  any 
Refraction  as  hath  been  already  fhewn ;  but  the 
Ray  ^  ST  which  paffe  through  the  Side  of  the 
Glafs,  falls  obliquely  upon  the  Surface,  and  will 
therefore  be  refradted,  and  incoming  through  the 
Glafs  will  meet  each  other  at  F  and  compofe  a  Pen -  ( 

cil  of  Rays ;  and  the  nearer  the  Verge  of  the  Glafs 
the  Rays  fail,  the  more  oblique  they  will  be,  and 
therefore  will  be  more  refradted  ;  and  hence  it  is 
that  the  Point  F  which  is  called  the  principal  Fo¬ 
cus  will  be  nearer  to,  or  further  from  the  Glafs,  as 

the 
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the  Glafs  is  more  or  kfs  convex,  or  as  the  Rays  are 
more  or  lefs  refrafted. 

Hence  it  alfo  is,  that  a  convex  Glafs  will  fee 
fire  to  Things,  by  the  Suns  Rays  palling  through  it* 

This  Focal  Diftance s  or  Di fiance  of  the  Glafs 
from  the  Focus,  is  equal  to  twice  the  Radius  of 
the  convex  Surface,  in  Plano-convex  Glafles ;  and 
in  a  Glafs  which  is  equally  Convex  on  each  Side 
it  is  once  the  Radius  of  either  Surface  ;  but  if 
a  Glafs  be  more  convex  on  one  Side  than  on  the 
Other,  divide  twice  the  Product  of  the  Radii  by 
their  Sum,  and  the  Quotient  will  be  the  Focal 
Diftance  Sought* 

Fig.  57.  If  a  Ray  of  Light  pafies  obliquely 
through  a  convex  Glafs,  it  will  go  forward  hi 
the  fame  Manner  as  if  it  had  pafted  through  a 
plane  Glafs ;  that  is,  it  will  come  out  of  the  Glafs 
in  the  fame  Direction  in  which  it  entered:  For 
the  Ray  R  D  will  be  refradted  at  the  points  D  and  E 
in  the  fame  Manner,  as  if  it  had  pafted  through 
the  plane  Surfaces  ab^cd^  which  are  parallel  to  each 
other,  as  is  eafy  to  conceive  ;  but  if  Rays  as  RB» 
RP  pafs  through  the  Side  of  the  Glafs,  they  will 
be  refradted,  and  fo  will  converge  and  meet  each 
other  in  F*,  and  on  the  contrary,  the  Rays 
FB,  FP,  which  flow  from  the  Point  F,  will  be 
aifo  refradled  and  will  meet  each  other  in  the 
Point  R. 

The  Rays  that  flow  through  a  double  convex 
Glafs,  or  a  double  Convex-Lens  from  any  Object, 
will  paint  an  inverted  Picture  of  that  Object,  up¬ 
on  any  white  Body,  which  is  placed  at  the  focus 
of  the  Lens. 
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Fig.  5 8.  Let  LS  be  the  double  Convex-lens * 
and  let  AH  be  the  Objedt  to  be  painted  in  an: 
inverted  Pofition  be  placed  before  it,  the  Rays 
which  flow  from  the  Point  A  will  be  refradted 
by  the  Lens  and  unite  in  the  Point  a;  in  like 
Manner  thofe  Rays  which  flow  from  the  fevefaf 
Points  R,C,D,E,  F,  G,  H  of  the  Objedt  AH  will 
unite  in  the  Points  b,  c,  d,  e,  f,  g,  h, ;  therefore 
if  the  Lens  be  inferred  into  a  round  Hole  cut  in 
a  Window  Shutter,  and  if  the  Room  be  darkened, 
and  the  Objedl  be  plated  before  the  Lens,  and 
if  a  Sheet  of  white  Paper,  or  any  other  white 
Body,  be  placed  at  a  proper  Diftance  behind  the 
Glafs,  there  will  be  found  a  true  and  perfedl  Pic¬ 
ture  of  the  Objedl  in  all  its  Colours ;  but  in  ar> 
inverted  Pofition, 

In  the  like  Manner,  Houles,  Perfons,  or  Car¬ 
riages  paffing  by  may  be  feen  in  an  inverted 
Pofition-;.  and  in  Order  to  fee  them  the  more  dif- 
tindtly  it  is  neceflary  that  the  Sun  fhould  fhine  on 
them  at  the  Time  of  making  the  Experiment. 

The  Did:  ante  of  the  Pidlure  from  the  Glafs 
may  be  found  if  the  Diftance  of  the  principal 
Focus  be  found  as  before,  and  the  Diftance  of 
the  Objedl  from  the  Lens  be  known  :  thus,  mul¬ 
tiply  the  Diftance  of  the  principal  Focus  by  the 
Diftance  of  the  Objedl,  and  divide  the  Produd! 
by  their  Difference,  and  the  Quotient  will  be  the 
Diftance  of  the  Picture  from  the  Glafs- 

If  the  Objedl  be  brought  nearer  to  the  Lens  the 
Pidlure  will  be  removed  to  a  greater  Diftance, 
for  the  Rays  which  flow  from  any  fmgle  Point,  will 
diverge  or  fpread  more  as  they  fail  upon  the 

Glafs, 
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Glafs,  and  therefore  they  cannot  fo  foon  converge 
or  meet  together  behind  it.  If  the  Diftance  of 
the  Objedl  from  the  Glafs  be  equal  to  the  Diftance 
of  the  principal  Focus  of  that  Glafs,  the  Rays 
which  flow  from  any  one  Angle  Point  of  .the  Objedl 
will  be  fo  refradted  by  palling  through  the  Glafs, 
that  they  will  go  put  of  it  parallel  to  each  other,  and 
therefore  there  can  be  no  Pidlure  behind  the  Glafs, 
The  Pidlure  that  is /made  by  a  Convex-lens  or 
Glafs,  will  be  as  much  bigger  or  lefs  than  the 
1  Dbjedls,  as  its  Diftance  from  the  Glafs  is  more 
or  lefs,  than  the  Diftance  of  that  of  the  Objedl 
from  the  Glafs ;  thus  as  DI  is  to  Id,  fo  is  AF1  to 
£h.  { See  the  foregoing  Figure.) 

The  Appearances  of  a  Carrier  a- obf cur  a  owe  their 
Formation  to  a  double  Convex -lens  being  fixed 
to  the  Extremity  of  a  Tube,  which  ififues  Hori¬ 
zontally  from  one  Side  of  a  fmall  fquare  Box, 
wherein  is  a  looking  Glafs,  a  Speculum  or  a  plane 
Mirror,  put  ftantways  from  Corner  to  Corner, 
fo  as  to  make  half  a  right  Angle  with  the  Bottom 
of  the  Box  ;  the  Top  of  the.  Box  is  covered  with 
a  flat  Glafs  ground  only  on  one  Side,  which  re¬ 
ceives  the  Pidtures  of  Objedis,  thus, 

Fig.  59.  Let  AB  be  an  Objedl,  placed  before 
the  Lens  CD  which  is  fixed  to  the  End  of  the 
Tube  to  the  Box  ;  GH  the  looking  Glafs  which 
makes  with  the  Bottom  of  the  Box  HF  half  a 
right  Angle  ;  GM  the  rough  Glafs  Plate  that  re» 
ceives  the  Pidlure  of  the  Objedt  The  Rays  which 
flow  from  the  uppermoft  Part  of  the  Objedl  A, 
#fter  paffing  the  Lens  would  converge  in  F,  were 

II  2  they 
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they  not  intercepted  by  the  looking  Glafs  GH 
which  refiedts  them  upwards,  where  they  will  meet 
in  fome  Point  K,  which  is  as  far  above  the  Spe¬ 
culum  as  the  Point  F  is  behind  it.  In  like  Man¬ 
ner  the  Rays  which  flow  from  the  lowed  Par^ 
of  the  Objeft  B  would  converge  in  Es  were  they 
not  reflefted  by  the  Speculum  to  meet  im  the  Point 
1  which  is  as  much  above  it,  as  the  Point  E  is 
behind  it;  and  fmce  the  Rays  from  the  extrearri 
Points  A  and  B,  of  the  Object  AB,  convene  at 
K  and  I,  fo  all  the  intermediate  Points  of  the 
Objedt  AB,  will  convene  between  K  and  I,  and 
the  Objedi:  AB  will  be  painted  on  the  Horizontal 
rough  Glafs  Plate  GM,  between  the  Points  E 
and  I. 

The  Magic  Lantern  is  a  Lantern  out  of  which 
iflues  an  Horizontal  Tube  capable  of  being  made 
longer  or  fhorter  as  may  be  found  oecefiary,  by 
means  of  one  Part  moving  or  Hiding  within  the 
other;  to  the  Extremity  of  this  Tube  is  fitted  a 
double  Convex-Lens ,  and  in  the  other  End  next 
the  Lantern  is  inferted  &  piano  Com) ex- glafs  with 
the  flat  Side  next  the  Lantern  ;  within  the  Lantern 
oppofite  to  this  Glafs  is  fixed  a  Light,  which 
paffes  through  that  Glafs,  and  thereby  is  thrown 
very  flrongly  upon  little  frightful  Images  painted 
in  dilute  Colours  on  Pieces  of  thin  Glafs,  five  or 

'  .\J  9  t  ‘ 

fix  of/  which  being  fixed  in  a  Slider,  are  moved  to 
and  fro  acrofs  a  fquare  Arm,  which  is  placed  be¬ 
tween  the  two  Glafles:  Thefe  Figures  are  thruft 
through  this  Arm  in  an  inverted  Pofition,  and 
by  Means  of  the  Lens  at  the  Extremity  of  the 
Tube,  ate  painted  in  an  eredt  Pofidon,  on  a 

white 
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white  Cloath  placed  at  a  proper  Diftance ;  which 
I^flance  may  readily  be  fodnd  by  drawing  out 
or  putting  in  the  moveable  Tube3~  or  by  moving 
the  Lantern  or  the  Cloath  to  a  greater  or  to  a 
iefs  Diftance  from  each  other  till  the  Images  be* 
come  diftindh 

Having  fully  fhewn  that  convex  GJ-affes  caufe  the 
Rays  to  converge  and  to  meet  in  one  Point,  it 
remains  now  to  (hew  that  Rays  which  pafs  through 
a  concave  Lem  will  diverge  more  after  they  have 
paffed  through  fuch  Glaffes,  than  they  did  before  ; 
thus,  Fig.  60  two  Rays  AB  and  AC  which  diverge 
from  the  Point  A  through  the  Lens  BC,  will  not 
pontinue  to  proceed  in  the  Direction  of  thofe 
Lines  towards  D  and  E,  but  will  diverge  more 
or  open  wider  towards  F  and  G.  Again,  if  FB 
and  GC  be  two  Rays  converging  towards  H,  after 
they  have  paffed  the  Glafs,  they  will  converge 
much  ftowsr  or  much  further  towards  A.  For 
if  a  Candle  be  placed  before  a  Convex  lens ,  and  its 
Image  be  received  on  white  Paper  as  before  ;  then 
if  a  Concave-lens  be  interpofed  between  the  convex 
one  and  the  Image,  the  Image  will  thereby  be 
projected  to  a  greater  Diftance  and  become  more 
inlarged  than  Before,  but  it  will  be  lefs  diftindt. 

Of  V if  ton. 

Having  fhewn  how  the  Rays  of  Light  pafs 
through  Convex  and  Concave-lens' s,  we  are  now  t© 
fhew  h$w  they  will  be  affedted  by  palling  through 
the  Humours  of  the  Eye. 
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If  a  fmall  Portion  be  cut  off  a  Globe,  and  if 
in  Lieu  thereof,  a  Portion  of  a  fmaller  GIobe? 
but  of  the  fame  Bafe  with  the  Segment,  be  fub- 
ftituted,  they  conjundlly  will  exhibit  the  true  Form 
of  the  Eye,  fince  the  Eye  is  more  convex  before 
than  in  any  other  Part. 

Fig.  61.  The  Eye  confifts  of  feveral  Mem¬ 
branes  or  Coats  which  lie  within  each  other,  of 
which  the  outermoft  is  called  the  'tunica  Adnata »  or 
Conjunctiva  \  it  has  its  rife  from  that  Membrane 
which  invefls  the  Skull,  and  it  covers  the  whole 
Ball  of  the  Eye,  except  the  foremoft  tranfparent 
Part,  which  projects  without  the  Eye-Lids,  and 
what  is  commonly  called  the  White  of  the  Eye , 
but  by  Anatomifts  the  Cornea. 

Refides  this  Membrane  which  is  not  reckoned 
with  the  Coats  of  the  Eye,  there  are  three  which 
are  properly  called  Coats ;  the  firft  or  that  undei3 
the  Conjunctiva  is  called  the  Sclerotica  as  SS,  which 
is  very  tough,  and  is  derived  from  the  Dura  Mater , 
which  encompafies  the  Eye  with  the  Optic  Nerve 
the  fore  Part  of  it  becomes  tranfparent  like  poli Hi¬ 
ed  Horn,  and  is  thence  called  the  Cornea  as  ABC. 

The  fecond  Membrane  is  called  the  tunica  Co - 
roidesy  as  CC,  it  is  derived  from  the  Pia  Mater ,  and 
is  alfo  tranfmitted  from  the  Brain  through  the 
Optic  Nerve>  but  it  is  much  thinner  than  the  for¬ 
mer  ;  the  fore  Part  of  this  Coat  is  called  the 
Uvea  or  the  lris9  and  is  that  Circle  that  encom- 
paffes  the  Pupil ,  or  what  is  commonly  called  the 
Sight  of  the  Eye.  The  Iris  confifts  of  feveral 
concentric  mufc-ular  Fibres,  which  are  joined 
acrofs  at  right  Angles  by  other  {trait  Fibres  like 

Radii 
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Radii ,  fo  that  by  the  Contraction  of  the  former, 
the  Pupil  is  leftened,  but  it  is  enlarged  by  the  Con- 
tra&ion  of  the  latter.  c 

The  third  Coat  is  called  the  Retina,  as  RR  ; 
and  it  is  the  Optic  Nerve  that  fpreads  itfelf  over 
the  Bottom  of  the  Eye,  oppofjte  to  the  Pupil. 
Thefe  Coats  contain  a  Capjula  or  Bag,  wherein 
are  the  three  Humors  of  the  Eye. 

The  firft  we  fhall  notice  is  the  chrift aline  Humor 
which  is  convex  on  both  Sides,  but  fomething 
flatter  before  than  behind  as  CH  %  it  is  fupported 
by  fmall  mufcular  Fibres,  as  Af  and  Cf,  called 
Ciliary  Ligaments ,  which  are  inferted  into  this 
Humor  as  well  as  into  the  Choroides ,  and  being 
clofely  united  form  a  Membrane  which  feperates 
two  other  Humors  of  the  Eye  *,  the  fore  mo  ft  of 
which  is  called  the  Aqueous  Humor ,  or  what  is  con¬ 
tained  between  ABCff,  becaufe  it  is  of  the  Con- 
fiftance  of  Water  and  like  thereto,  being  very 
limpid  and  tranfparent  ;  and  in  the  hindmoft  is 
lodged  the  Vitreous  Humor  VV,  which  has  that 
Name,  becaufe  it  refembles  melted  Glafs.  And 
behind  all  thefe  is  the  Optic  Nerve  O . 

From  what  has  been  laid  of  Convex  -lens’s?  and 
of  the  Eye,  it  will  plainly  follow,  that  as  any 
ObjeCt  may  be  collected  on  the  other  Side  of  a 
Convex -lens  ?  fo  the  Humors  of  the  Eye  in  ge¬ 
neral,  but  more  particularly  th Cry  ft  alline  Humor? 
being  the  fame  as  a  Convex-lens ,  the  Rays  which 
flow  from  the  ObjeCt  will  meet  upon  the  Bottom 
of  the  Eye,  and  there  make  an  inverted  Picture 
on  the  Retina  •,  juft  as  if  the  fame .  ObjeCt  were 
pictured  upon  a  white  Cloath  behind  a  Convex-lens , 
•  m  r  or 


n.8 


A  COURSE  of 


For  if  you  take  a  frefli  Bullock’s  Eye,  and  cue 
away  from  the  back  Part,  the  Coats  or  Skin 
which  cover  the  Vitreous  Humor:  then  by  plac¬ 
ing  a  white  Paper  upon  that  Part,  and  by  holding 
the  Eye  towards  a  lighted  Candle,  or  any  bright 
Objedl,  fo  that  the  Rays  which  flow  from  it,  may 
pafs  through  the  Pupil,  you  will  then  find  the 
inverted  Object  upon  the  Paper,  Fig.  62 .  for 
the  Rays  which  flow  from  the  Point  A  unite  on 
the  Retina  at  a,  and  thole  which  flow  from  the 
Point  B  unite  in  b,  and  all  the  intermediate  Points 
in  the  Object  A B,  are  united  on  the  intermediate 
Points  on  the  Retina ,  and  fo  produce  an  inverted 
Image  of  the  Object  thereon.  But  this  union 
of  Rays  depend  upon  diftin£t  Vifion  for  fliould 
they  be  united  before  they  reach  the  Retina ,  or 
beyond  it,  the  Rays  ifiuing  from  one  Point  in 
either  Cafe,  will  not  unite  but  fpread  and  take  up 
fome  Space  on  the  Retina,  and  therefore  thofe 
which  flow  from  contiguous  Points  of  the  Object 
will  be  fo  mixed  and  blended,  that  the  Reprefem 
cation  of  the  Objedl  will  be  very  confufed. 

Hence  it  is  neceflary  that  the  Eye  muA  be  con¬ 
tracted  or  dilated  in  Order  to  fee  Objects  at  dif¬ 
ferent  Diftances  diftin&ly ;  in  Order  that  the 
Cornea  may  become  more  or  lefs  Convex,  fo  as 
to  increafe  or  Jeflen  the  rcfraftive  Force  •,  which  is 
done  by  Means  of  fix  Mufcles  which  are  inferred  in 
the  Sclerotica-,  and  this  moil  Men  are  able  to  do. 

But  there  are  fome  defective  in  this  Point,  who 
are  unable  to  fee  any  Thing  diflinclly,  but  when 
placed  very  near and  this  is  the  Cafe  of  their 
Eyes  who  are  called  Myopes,  purblind  and  Pnorc 
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fighted ;  in  fuch  the  Cornea  is  too  convex,  and 
therefore  the  Rays  converge  before  they  reach  the 
'Retina  :  Such  Perfons  Eyes  are  mo  ft  lafting  ;  be* 
caufe  as  the  Eyes  of  all  Perfons  flatten  by  Age, 
for  want  of  a  due  Supply  of  Humors,  the  Rays 
will  converge  more  and  more  towards  the  Retina , 
and  perhaps  at  length  meet  it  when  they  become 
old,  and  thereby  they  will  enjoy  diftind  Vifion. 

Concave  Glafles  are  found  very  ufeful  to  pur¬ 
blind  People,  for  they  caufe  the  Rays  to  diverge 
fo  much,  notwithftanding  the  great  convexity 
of  the  Cornea ,  that  they  will  not  meet  till  they  • 
arrive  at  the  Retina ,  and  thus  they  render  the 
Object  diftind. 

Such  Perfons  as  have  feen  diftindly,  and  whofe 
Sight  begins  to  fail  them*  find  that  Things  near 
them  cannot  be  1  fo  well  feen  as  others,  that  are 
more  remote ;  for  in  old  Men  the  Cornea  becomes 
fiat  for  want  of  a  due  fupply  of  Flu  mors,  and 
therefore  the  Rays  will  converge  beyond  the  Reti¬ 
na ,  and  -  confequently  on  it,  they  will  diverge  and 
fcatter,  and  thereby  render  near  Objeds  ihdiftind. 

The  proper  Remedy  for  this  Defed  is  a  Convex- 
lens  which  will  ieffen  the  Divergency  and  caufe 
the  Rays  to  meet  on  the  Retina . 

If  there  be  two  old  Perfons  fuch,  that  one  of  them 
can  fee  at  l'maller Diftances  than  the  other;  in  Or¬ 
der  to  make  them  both  fee  at  any  leifer  given  DIE 
tance  ;  the  Eye  which  can  fee  at  a  fmaller  Diftance 
rnuft  be  furnifhed  with  a  Qlafs  of  a  greater  Radius 
than  the  other.  And  herein  confifts  the  Secret 
of  younger  and  older  Spectacles,  thofe  being 
deemed  youngeft  that  are  ground  to  the  greateft 
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Radius .  Or  thus,  the  flatter  and  older  the  Eye 
is,  the  more  Convex  muft  be  the  Glafles  to  fee 
througho 

Catoptrics  or  the  Nature  of  the  Reflection  of 
Light  and  of  Colours. 

If  a  Ray  of  Light  falls  upon  an  opaque  dark 
Body,  Part  of  it  will  be  reflected,  and  Part  will 
enter  the  Body  and  be  loft  in  its  Pores  ;  but  if  a 
Ray  falls  upon  a  tranfparent  Body,  Part  of  it  will 
be  reflected,  and  Part  will  enter  the  Body  and 
be  refradted,  as  before  fet  forth  *  and  this  was  the 
general  Opinion  of  all  Writers  upon  Optics ,  be¬ 
fore  Sir  Isaac  Newton  who  has  fhewn  in  the 
8  th  Proportion  of  the  2d  Book  of  his  Optics ,  that 
the  Particles  of  Light  are  turned  backwards  be¬ 
fore  they  touch  the  reflecting  Body,  by  fome  Power 
which  is  equally  diffuled  all  over  its  Surface;  but 
whether  the  Particles  of  Light  be  reflected  by 
ftriking  on  the  Body,  or  whether  they  be  repelled 
or  reftedted  before  they  touch  the  Body,  this  Law 
will  obtain  ;  that  the  Angle  of  Incidence  or  that 
contained  between  the  incidentRay  and  a  Line  drawn 
perpendicular  to  the  reflecting  Surface  at  the  Point 
of  Incidence,  is  equal  to  the  Angle  of  Reflection, 
or  to  that  which  is  contained  between  the  fame  per¬ 
pendicular  and  the  reflected  Ray. 

Fig.  63.  Thus,  if  AB  be  a  reflecting  Surface, 
and  if  CD  be  a  Ray  of  Light  fallen  thereon,  it 
will  be  reflected  in  the  Line  DE,  fo  that  the  Angle 
of  Incidence  CDF  will  be  equal  to  the  Angle  of 
Reflection  EDF ;  wherefore  if  it  falls  perpendicu¬ 
larly 
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larly,  it  will  be  refle&ed  back  into  the  perpendi¬ 
cular  DF. 

By  Reflexion  from  a  plane  Speculum  pr  Mirror 
of  very  fmooth  Metal,  or  even  from  a  well  ground 
looking  Glafs,  an  Obje£l  feems  to  appear  as  far 
behind  it  as  it  is  before  it :  Fig.  64.  For  the 
Rays  which  flow  from  the  Point  A  of  the  Object 
AB  will  fall  upon  the  Mirror  MR  in  P,  and  will 
thence  be  refle&ed  to  the  Eye  at  E  by  the  forego¬ 
ing  Law3  and  therefore  will  enter  the  Eye  as  if 
they  flowed  from  a  :  In  like  Manner  the  Rays 
which  flow  from  B,  will  meet  the  Mirror  at  F 
and  will  be  thence  reflected  to  the  Eye  at  E,  and 
of  Courfe  appear  to  the  Eye  as  if  they  had  iflued 
from  h\  therefore  the  Qbjed  AB  will  appear  to  be 
at  ah. 

In  like  Manner  it  may  be  eafy  to  conceive  from 
Figures ,  65,66.  why  the  Objedt  appears  bigger  in 
the  Concave  Mirror  reprefented  in  the  firfl:  Figure  . 
and  why  in  the  fecond  Figure  it  appears  to  be 
lefs  than  it  really  is,  in  a  Convex  Mirror , 

Fig.  67.  If  parallel  Rays,  as  ab,ab9ab,  &c.  fall 
upon  a  concave  Mirror  MR  they  will  be  reflected 
into  a  Point  F,  called  the  principal  Focus . 

This  is  the  Reafon  why  the  Suns  Rays  reflected 
from  a  concave  Mirror 9  burn  with  incredible  Force 
in  that  Point.  ,  ' 

> 

If  an  Objedf  be  placed  before  a  concave  Mirror , 
at  a  Diflance  that  is  greater  than  the  principal 
Focus,  the  Rays  which  flow  from  it  being  reflected 
by  the  Mirror ,  will  make  an  inverted  Pidlure  of 
the  Objcft,  upon  any  white  Body  placed  to  receive 
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them  %  provided  it  be  fet  beyond  that  Point 
where  the  refraCted  Rays  will  crofs  one  another. 

■»  Fig.  68.  Let  MR  be  a  concave  Min  or ,  and 
AB  the  ObjeCt ;  the  Rays  iffuing  from  A  which 
fall  on  the  Mirror  at  P,  will  be  reflected  along 
the  Line  PD  making  the  Angle  of  Reflection 
equal  to  the  Angle  of  Incidence;  and  the  Rays 
ifluing  from  the  Point  B  which  fall  on  the  Mirror 
at  C,  will  be  reflected  along  the  Line  CE  ;  if 
then  a  Sheet  of  white  Paper  as  SI  be  placed 
perpendicularly  any  where  beyond  the  Point  G9 
where  the  reflected  Rays  concur  or  crofs  each  other  5 
you  will  have  on  it  the  Picture  b  a  of  the  ObjeCt 
AB  in  an  inverted  Pofltion. 

If  the  Eye  be  placed  beyond  the  Sheet  as  at  E 
in  the  Continuation  of  the  reflected  Kays  Cf  ,Pa, 
it  will  receive  them  as  if  they  flowed  from  a 
real  ObjeCt  at  ba ;  and  hence  we  fee  the  R  jfon 
of  the  odd  Ph  Genome  non  exhibited  by  a  concave 
Mirror ,  of  a  Body  feeming  to  be  fufpended  in 
the  Air  between  the  Eye  and  the  Mirror. 

Thpi  nearer  the  ObjeCt  is  to  the  principal  Fo¬ 
cus,  it  is  eafy  to  fee  from  the  foregoing  Figure 
and  what  has  been  laid,  that  the  greater  Diftance 
the  Picture  muft  be  from  the  Mirror  in  order 
to  make  it  of  an  equal  Size,  and  the  contrary  5 
for  the  Rays  will  diverge  more  as  they  fall  upon 
the  Mirror .  What  has  been  fa  id  of  Pictures 
made  by  Convex  Glajfes  will  hold  good  of  thofe 
which  are  made  of  Concave  Mirrors. 

To  And  the  Diftance  of  the  Picture  from  the 
Mirror ,  multiply  the  Diftance  of  the  ObjeCt 
from  the  Minor  into  the  Radius  of  its  Concavity, 

and 
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and  divide  that  Product  by  the  Difference  between 
twice  the  Diftance  of  the  Object  from  the  Mirror , 
and  the  faid  Radius,  the  Quotient  will  be  the 
Diftance  required. 

It  has  been  already  ftiewn  how  the  Rays  of 
Light  are  refra£ted,  by  pafting  through  different 
Mediums  ;  we  come  now  to  fhew  how  fame  Rays 
of  Light  are  more  refradted  than  others,  *,  and  that 
accordingly  as  they  are  differently  refrafted,  they 
excite  in  our  Minds,  Ideas  of  different  Colours . 

j Fig.  6g.  Let  the  Sun  fhine  into  a  dark  Chamber 
through  a  fmall  Hole  at  H,  cut  in  a  Window 
Shutter,  To  long  and  broad  as  to  fit  a  Triangular 
Glafs  Prifm  as  A  :  Place  then  the  Prifm  fo  before 
the  Hole,  that  the  Rays  of  Light  HA  which 
pafs  through  the  Hole,  may  fall  obliquely  on  one 
of  its  Sides,  and  they  will  fuffer  different  Refrac¬ 
tions  by  paffmg  through  Parts  of  the  Prifm  that 
are  of  different  Denfities  *,  fo  that  inftead  of  their 
going  out  in'  one  Dirc&ion  they  will  pafs  in  dif¬ 
ferent  Direcftions,  reprefented  by  the  Lines  AB, 
AC,  AD,  &V.  and  in  falling  either’onthe  oppofite 
Side  of  the  Room  or  upon  a  white  Paper,  will 
paint  thereon  a  Series  of  mofl  beautiful  and  lively 
Colours,  in  this  Order:  Thofe  that  are  kaft  re~ 
framed  by  the  Prifm,  and  therefore  go  in  the 
Direction  of  the  Line  AB,  will  be  of  a  very  bright 
and  mtenfe  Red ,  the  next  going  in  the  Dire&ion 
A  will  be  of  an  Orange  Colour,  then  will 
follow  Yellow 9  Green Blue^  Purple  and  Violet . 

There  are  different  Degrees  in  all  thefe  Colours : 
Thus,  tfte  Red  degenerates  by  Degrees  into  an 

Orange, 
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Orange,  the  Orange  into  a  Yeliow,  the  Yellow 
into  a  Green,  &c. 

There  is  not  an  equal  Quantity  of  Rays  be¬ 
longing  to  each  of  thefe  Colours  ;  for  if  the 
oblong  Column  or  Series  of  Colours  BK  be  di¬ 
vided  into  360  equal  Parts;  Sir  Isaac  Newton 
has  fhewn,  that  the  Red  took  up  45  of  them, 
the  Orange  27,  the  Yellow  48,  the  Green  60, 
the  Blue  6o,  the  Purple  40,  and  the  Violet  80. 

If  all  thefe  Colo  urs  be  blended  together,  they 
will  make  a  white  ;  thus. 

Fig.  70.  Having  divided  the  Rays  of  the  Sun 
by  a  Prifm  as  before  mentioned,  receive  them 
upon  a  convex  Lens  as  LS,  which  will  refra<ft  them 
in  fuch  a  Manner,  that  they  will  crofs  each  other 
at  F,  and  if  a  white  Paper  as  DE  be  placed  there 
to  receive  them,  we  fhall  find  they  will  excite  the 
Idea  of  a  ftrong  White ;  but  if  the  Paper  be 
placed  further  from  the  Glafs  as  at  FG,  the  dif¬ 
ferent  Colours  will  appear  again  in  a  contrary 
Order:  And  if  any  one  of  the  Colours  be  inter¬ 
rupted  by  an  opaque  Plane  as  BC  before  it  meets 
at  F,  the  white  will  be  inclining  to  a  Violet  or  a 
Red,  according  as  the  Red  or  Violet  Rays  are 
flopped. 

When  a  Ray  of  Light  is  once  feperated  from 
the  reft,  it  cannot  be  divided  into  any  other  Co¬ 
lours,  though  it  be  never  fo  often  reflected  or  re- 
framed: 

As  White  is  a  Compofition  of  all  Colours,  fo 
is  black  a  Privation  of  them  all,  and  is  therefore 
properly  called  no  Colour. 

Any 
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Any  one  of  thefe  Colours  except  Red,  may  be 
made  by  mixing  together  the  two  adjoining  prif- 
matic  Colours:  Thus,  Orange  and  Green  being 
mixed,  will  make  a  Yellow,  a  Mixture  of  Yellow 
and  Blue  will  make  a  Green,  Pnrple  and  Green 
will  make  a  Blue, 

All  Bodies  appear  of  that  Colour,  whofe  Rays 
they  refle&  moft;  as  a  Body  appears  Red  when 
it  refle&s  moft  of  the  Red-making  Rays,  and 
abforbs  the  reft  ;  a  Blue  or  Green  Body  reflects 
the  Blue  or  Greemmaking  Rays*  and  fa  of  the 
reft, 

0/  Microfccpes  and  F’elefcopes. 

A  Microfcope  is  an  optical  Inftrument  ufed  to 
render  Infects  and  other  fmall  Bodies  or  ObjedD 
the  more  confpicuous. 

Fig .  71.  The  fingle  Microfcope,  is  only  a 
fmall  convex  Glafs  as  LS,  under  which  the  Objedl 
a  b  is  placed  in  its  Focus,  and  the  Eye  at  or  near  the 
fame  Diftance  on  the  other  Side ;  then  from  what 
has  been  already  faid,  and  the  Figure,  it  is  plain* 
that  the  Rays  which  flow  from  the  Extremities 
of  the  Objedt  ab,  will  enter  the  Eye  in  the  Lines 
LE,  SE,  and  confequently  will  be  feen  under 
a  greater  Angle,  and  fo  appear  larger  than  if  there 
had  been  no  Glafs. 

If  you  would  know  how  much  this  Glafs  mag¬ 
nifies  ;  divide  the  leaft  Diftance  at  which  an  Ob¬ 
ject  can  -be  diftindt/y  feen  with  the  naked  Eye, 
by  the  foc^i  Diftance  of  the  Glafs,  and  the  Quo¬ 
tient 
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tient  will  nearly  fhew,  how  much  the  Glafs  Mag¬ 
nifies* 

\  ^  1 

Eig.  72.  The  Compound  -Microfcope  is  generally 
made  of  three  Glafies  which  are  thus  difpofed  5 
the  Object  Glafs  or  Lens  LS  is  of  about  half  an 
Inch  or  an  Inch  Focus ,  CD  and  FG  are  two  Eye 
Glafies,  placed  fometirnes  clofe  together,  and  lome- 
times  at  an  Inch  or  two  difiant  from  each  other  y 
ba  is  a  fmall  Objed  placed  at  a  greater  Difiance 
from  the  Lens  LS  than  is  its  principal  Focus ;  fo 
that  the  Rays  flowing  from  the  Objed  ba  through 
the  Lens  LS,  make  an  inverted  Pi  dure  at  AB? 
which  will  be  as  much  larger  than  the  Objed,  as 
its  Difiance  from  the  Lens  is  greater. 

The  Eye  Glafies  CD,  FG  anfwer  the  End  of 
a  fingle  Microfcope :  For  the  Rays  which  flow  from 
the  Ends  of  the  enlarged  inverted  Objed  AB  will 
enter  the  Eye  under  the  Angle  CED,  which  is 
much  greater  than  the  Angle  under  which  they 
would  be  feen  by  the  naked  Eye  ,  and  the  Rays 
Which  flow  from  any  Point  of  the  Objed,  will  en¬ 
ter  the  Eye  parallel  to  each  other,  and  therefore 
will  be  feen  diftindly,  by  what  has  been  already 
laid*  1 

The  Solar  Microfcope  is  thus  made* 

Fig.  73.  Having  made  a  Room  very  dark,  let 
a  Hole  be  made  in  the  Window  Shutter,  of  about 
three  Inches  in  Diameter,  fo  that  the  Sun  may 
caft  a  Cylinder  of  Rays  into  the  Room :  In  this 
Hole,  place  the  End  of  a  Tube  containing  two 
*  Glafies  and  an  Objed,  viz.  i .  A  convex  Glafs 
aa,  of  aoout  two  Inches  in  Diameter*  and  of  three 

Inches 
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Inches  Focal  Diftance,  is  to  be  placed  at  that 
End  of  the  Tube  which  is  to  be  put  into  the 
Hole.  2.  The  Object  ob  being  put  between  two 
Pieces  of  Glafs  is  placed  about  two  Inches  and  art 
half  from  the  Glafs  aa.  3.  At  a  little  more  than 
an  Inch  from  this  Object  is  placed  a  fmall  Glafs 
de,  of  about  half  2ri  Inch  in  Diameter  and  of 
one  Inch  Focal  Di fiance* 

Things  being  thus  prepared,  the  Rays  which 
How  from  the  Objedl  ob  will  make  a  large  inverted 
Figure  upon  a  white  Paper,  of  the  Objeft*  in  moft 
beautiful  Colours  and  prodigioufly  magnified. 

The  Tube  mufl  be  fo  placed  that  the  Suns  Rays 
Ra,  may  flow  diredlly  through  the  Glafs  aa.*,  or 
elfe  they  mull  be  made  to  pafs  diredlly  through 
it,  by  Means  of  a  plane  Mirror,'  or  of  a  piece  of 
Looking-glafs,  fet  angularly  towards  the  Sun,  fo 
that  the  Rays  which  are  refledied  by  the  Looking- 
glafs  may  pafs  diredtly  through  the  Tube,  and 
thence  they  will  tranfmit  the  Rays  of  the  Objedfc 
on  the  white  Paper, 

T 'be  Combion  Refraffing  Telefcope  is  thus  con - 

Jlruffed 

Fig .  74.  A  is  the  Objedi  Glafs,  its  Focal  Dis¬ 
tance  Af  from  One  to  an  Hundred  Feet ;  b,  c,  d* 
are  three  Eye  GlafTes,  whofe  Focal  Diflances  are 
from  one  to  ten  Inches. 

1  ■  .  .  ■  ■ 

The  Glafles  being  thus  prepared  let  them  be 
placed  in  a  Tube  in  fuch  a  Manner,  that  the  Dif¬ 
tance  between  any  two  may  be  equal  to  the  Sum 
of  their  Focal  Diflances,  as  in  the  Figure ;  and 
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the  Eye  muft  be  placed  at  E  one  Focal  Diftance 
of  any  of  the  Eye  Glafifes,  from  the  outermoft 
one  d  ;  then  it  is  plain  that  the  Rays  flowing  from 
any  vaftly  diftant  Objedt  through  the  Glafs  A* 
will  make  an  inverted  Figure  of  it  at  f ;  and  the 
Eye  Glafs  b  being  placed  within  the  Focal  Dif- 
tance  of  f,  and  the  Eye  again  at  e  the  fame  Dif- 
tance  from  b,  the  Picture  will  be  feen  diftindtly 
but  inverted ;  fo  that  two  other  Glaflfes  are  ufed 
to  make  it  appear  ereffc  as  before. 

The  Line  mA  reprefents  the  Axis  of  a  Pencil 
of  Rays  flowing  from  the  Top  of  the  Objedt, 
and  nA  one  flowing  from  its  Bottom  :  When  they 
enter  the  Eye  either  at  e  or  E,  it  is  plain  they 
converge  much  more  than  they  did  before  their 
Entrance  into  the  Glafs,  and  therefore  the  Objedt 
will  be  feen  under  a  greater  Angle ;  but  the  Rays 
which  flow  from  the  fame  Point  of  a  diftant  Ob- 
jedt,  enter  the  Eye  in  Lines  parallel  to  each  other, 
and  confequently  the  Objedt  will  be  feen  diftindtly. 

The  magnifying  Power  of  a  Telefcope  is  found, 
by  dividing  the  Diftance  of  the  Glafs  A,  by  that 
of  any  of  the  other  Eye  Glafles* 

In  the  Reflecting  Telefcope  a  concave  Mirror  is 
made  ufe  of  inftead  of  a  convex  Glafs. 

The  Pidture  which  is  made  by  a  convexGlafs 
is  always  tinged  a  little  with  Colours  about  the 
Edge;  but  the  Pidture  made  by  a  concave  Mirror 
will  ever  be  clear ;  and  therefore  the  reflecting 
Telefcope  is  preferable  to  the  refradting-  one,  fo 
long  as  the  Mirrors  are  kept  clean. 
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CHAP.  VII. 

Of  Aerial  Meteors  in  general,  and  of  Aque* 
ous  Meteors  in  parti cular . 

I.  Of  Aerial  Meteors  in  general . 

TH  E  Phcenomena  which  arife  from  Bodies 
that  are  either  fufpended,  conjoined,  or  fe- 
perated  in  the  Atmofphere  ;  or  from  fuch  as  move, 
afcend,  defcend,  are  driven,  orfeton  Fire  therein, 
are  called  Meteors. 

Whatever  afcends  into  the  Air  from  the  Earth 
is  called  a  Vapour  or  Exhalation ;  But  the  conftituent 
Parts  of, a  Vapour  are  aqueous  and  moift,  and 
thofe  of  an  Exhalation  are  not,  for  they  confift 
of  the  fubtileft  Parts  of  folid  as  well  as  fluid  Bocfies. 

'As  Vapours  and  Exhalations  which  are  conti¬ 
nually  afcending  in  great  Quantities,  corrupt  the 
Atmofphere,  it  therefore  follows  that  various  Phce¬ 
nomena  mu  ft  thence  neceflarily  arife.  The  Quan¬ 
tity  of  Water  which  afcends  in  the  Form  of  Va¬ 
pour  in  one  Day  exceeds  Belief  *,  for  in  the  Me¬ 
diterranean  Sea  only,  Doctor  Halley  by  Experiment 
found,  that  many  Millions  of  Buts  of  Water  a f- 
cended  in  the  Form  of  Vapour  i$  one  Day.  Such 
Parts  of  the  Earths  Surface,  as  are  thick  with 
Plants,  contribute  much  to  the  encreafe  of  Va¬ 
pours  and  Exhalations,  as  do  the  Perfpiration 
of  all  Animals,  fche  noxious  Fumes  arifing  from 
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Vegitables  and  Animals  dead  and  rotting  over  the 
whole  Earth,  and  from  Bodies  burning  for  daily 
Ufe,  as  well  as  from  burning  Mountains,  and  thofe 
earthy  Perfpirations  which  are  produced  from 
fubterrancous  Fires,  which  abound  in  the  Bowels 
of  the  Earth,  all  confpire  to  fupply  the  Air  with 
a  fufficient  Fund  for  the  production  of  Meteors. 

Vapours  and  Exhalations  afcend  on  Account  of 
various  Caufes  of  which  thefe  are  the  chief. 

1.  They  afcend  by  the  Means  of  Fire,  whether 
it  be  culinary  or  earthly,  fubterraneous  or  fplar 
produced  by  the  Sun.  For  Fire  by  entering  into 
Bodies  agitates  and  rarifies  their  Particles,  and 
with  a  rapid  Motion  drives  off  the  mod  fubtile 
of  them,  with  great  Force,  which  being  fpecifically 
lighter  than  Air,  are  by  that  Means  carried  up  till 
they  meet  with  lighter  Air. 

2.  Many  Bodies  being  expofed  to  the  fame 
Fire  that  Air  is,  receive  moie  of  the  Fire  arid 
retain  it  longer  than  the  Air  can ;  on  this  Ac¬ 
count  the  volatile  Parts  of  Bodies  on  the  Earth 

'  .  s  ....  ,  ,  , 

may  be  feen  on  a  Summers  Evening  to  rife  and 
form  a  Vapour  over  the  Ditches  and  Meadows, 
becaufe  they  are  more  rarihed  than  the  Air  about 
them  is.  Or  if  on  a  frofty  Evening,  a  large 
Aperture  be  made  in  Ice,  a  watry  Vapour  much 
warmer  than  the  Air  is,  will  be  found  to  rife  in 

4  i  •  »  i  •  *  \  •  t  \ 

great  plenty. 

3.  The  Particles  of  fonie  Bodies  become  volatile 
and  are  driven  upwards,  by  the  Bodies  being 
fermented,  putrihed,  boild  or  broken  :  For  Bodies 
which  are  in  any  of  thefe  States  emit  much  Vapour 
pej  Exhalation.’  That  a  Body's  being  feperated  or 

broke?! 
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broken  may  occafion  a  Volatility  in  fome  of  the 
Parts,  is  plain  from  a'Vapour  which  arifes  on  the 
d.efcent  of  the  Water  falling  from  an  Height,  as 
at  Powers- courts  or  at  the  Salmon-leap  near  Leixlip. 
In  Canada ,  the  River  Niagara  falls  down  a  fteep 
Rock  156  Feet,  with  a  Noife  which  is  heard  by 
all  the  Country  round  about,  and  forms  a  Cloud 
by  the  Particles  that  fly  off,  rifing  in  the  Form  of 
a  thick  Mill,  which  may  be  feen  at  the  Diftance 
of  five  Miles. 

4.  Watc?r  and  other  Fluids  attract,  and  are  at¬ 
tracted  by  Air.  And  therefore  the  Particles  of 
Water  and  other  Fluids  which  are  attracted  by 
Air,  afcend  into  Air,  as  foon  as  they  are  fepe rated 
from  the  Maflfes  to  which  they  belong. 

5.  Winds  raife  Vapours  from  feveral  Bodies,  ef- 
pecially  from  fuch  as  are  aqueous,  and  hurry  them 
away.  Hence  wet  Cloths,  when  expofed  tQ  the 
Wind,  are  foon  dried. 

Laftly.  Whatever  can  difunite  the  rarer  Par¬ 
ticles  of  Bodies  from  the  Bodies  themfelves,  or 
can  render  the  Particles  fpecifically  lighter  than 
Air,  will  be  the  Caufe  of  their  Afcent.  If  Particles, 
which  are  much  lighter  than  Air,  meet  others 
heavier  than  themfelves,  they  will  adhere  and  com- 
pofe  a  Mafs  ftill  lighter  than  Air,  which  will  con¬ 
tinue  to  afcend  on  high. 

We  difcoverthat  Vapours  ifiue  and  afcend  from 
-  the  Earth.  1  When  we  fee  the  Ground  and  diftant 
Mountains  to  throw  out  a  Fume.  2.  When  the 
Heads  of  did  ant  Hills  are  covered  with  Clouds 
though  in  a  ferene  Sky.  3.  When  all  diftant  Bo¬ 
dies  feem  to  twinkle.  4.  When  Mills  which  are 

formed 
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formed  by  Vapour  afeending  from  Lakes  and 
Marfhes,  will  be  feen  to  hang  over  them.  5. 
When  the  Sun  and  Moon  riling  and  fetting  appear 
vjsry  ruddy. 

Becaufe  the  Denfity  as  well  as  the  fpecific  Gra¬ 
vity  of  the  Atmofphere  differs  at  different  Diftan- 
ces  from  the  Earth’s  Surface,  therefore  Vapours 
and  Exhalations  may  afeend  and  continue  at 
rious  Heights  in  the  Air  \  thofe  that  are  rareft  are 
driven  or  carried  to  the  greateft  Diftances,  and 
thofe  which  are  nearly  as  heavy  as  Air,  lie  near 
the  Earth,  and  fuch  as  are  yet  lighter  are  carried 
higher  into  the  middle  Region  of  the  Air. 

Hence  Clouds  and  other  Meteors  which  are  form¬ 
ed  in  the  Air,  are  at  different  Diftances  from  the 
Earth,  and  hence  it  alfo  is  that  Vapours  and 
Exhalations  will  afeend  or  defeend  in  one  and  the 
fame  Place  as  the  Atmofphere  becomes  rnpre  or 
lefs  denfe. 

The  more  denfe  the  Atmofphere  is,  the  more 
Vapours  and  Exhalations  is  it  capable  to  fuftain  \ 
and  the  rarer,  the  more  unfit  it  is  for  that  Pur- 
pofe.  Now  in  Winter  the  culd  Atmofphere  be¬ 
comes  moft  denfe,  as  is  proved  by  th  e  Barometer, 
and  confequently  is  moft  capable  to  fupport  the 
greateft  Quantify  of  Vapours  and  Exhalations, 
and  therefore  in  that  Seafon  the  greateft  Number 
of  Meteors  happen.  And  becaufe  this  Reafon 
chiefly  prevails  in  cold  Countries,  it  is,  that  more 
Meteors  are  obferved  in  them,  than  in  warmer 
Climates. 


Vapours 
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Vapours  and  Exhalations  defcend  to  the  Earth 
From  the  Atmofphere,  on  Account  of  various 
Caufes,  the  chief  of  which  are  thefe. 

1.  As  foon  as  the  Denfity  of  the  Air,  of  its 
Specific  Gravity  is  diminifhed,  the  Exhalations 
will  dcl'cend  by  their  Gravity,  which  is  man i fell 
from  the  Barometer.  And  this  may  be  alfo  proved 
by  covering  raoifl  Air  with  a  Receiver :  Upon 
exhaiifling  fome  Air,  a  little  Cloud  is  formed 
under  the  Receiver,  which  will  fall  as  the  Air  is 
more  exhaufted  or  rarified  *,  and  hence  we  obferve 
Rain  and  other  Meteors,  when  the  Mercury  in 
the  Barometer  is  very  low,  indicate  the  Air  to  be 
very  light. 

2.  When  Things  which  had  afcended  by  being 
rarified  with  Fire,  lofe  their  Heat,  they  become 
condenfed  and  fpecifically  heavier  than  Air,  and 
fo  defcend. 

3.  When  Things  lofe  the  Motion  they  had 
received  from  Fire,  or  from  any  other  Caufe 
which  drove  them  upwards,  they  will  defcend. 

4.  When  Particles  are  driven  by  Winds  againfl 
refilling  Obflacles,  or  againfl  one  another  by 
Winds  that  blow  in  oppofite  Directions,  or  if 
Particles  unite  from  any  other  Caufe,  by  this 
Concourfe  they  become  fpecifically  heavier  than 
Air,  and  therefore  defcend. 

5.  When  fome  different  Kinds  of  Exhalations, 
unite,  they  will  excite  a  boiling  Heat  or  Effervef- 
cency  with  each  other,  which  wearing  off,  the 
Body  becoming  thereby  condenfed,  is  precipitated 
or  hurried  downwards. 

6.  Such 
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6.  Such  Particles  as  are  exhaled  or  carried  off 
in  Winds,  are  with  them  again  driven  down¬ 
wards. 

7.  Winds  which  blow  horizontally  below  that 
Part  of  the  Atmofphere  in  which  Exhalations 
are  fufpended,  drive  the  Air  away  which  fuftains 
them,  and  then  they  defcend  in  the  Place  of  the 
Air  that  was  drove  away. 

8.  When  more  Vapours  and  Exhalations  afcendf 
than  the  Atmofphere  is  capable  to  fuftain,  thofe 
that  are  fuperfluous  muft  return  back,  having  loft 
their  Motion  by  which  they  afcended. 

Meteors  may  be  conveniently  divided  into  three 
Kinds,  viz.  firft,  into  Aqueous  Meteors  j  fecondly, 
into  fiery  Meteors ;  thirdly,  into  airy  Meteors  or 
Winds.  Thefe  we  will  treat  of  federally. 

’  (  *  -  ■,  .  I  J 

z.  Of  Watry  Meteors s  viz/ 

1  -  r  _  f .  . 

Of  Mifts ,  Clonds ,  Dew ,  Rain ,  Fro/l ,  Ilaif 

Whirl-wind ,  Rain-Bow ,  Halos ,  Parhelii , 

Parajeknce ,  &c. 


A  Mift  or  a  /kg  is  occafioned  by  a  plenty  of 
Vapours  or  Exhalations  which  are  fufpended  in  the 
Atmofphere  near  the  Earth’s  Surface,  and  which 
are  conftituted,  difperfcd  and  ranged  in  fuch  a 
Manner  as  to  intercept  much  Light,  .and  to  make  j 
the  Air  darker  than  ufual. 

The  Vapours  and  Exhalations  that  form  Mifts, 
afcend  flowly  from  and  fall  fiowly  to  rhe  Earth  *, 
and  therefore  they  feem  to  be  fufpended  .  in  one 
Place,  and  are  not  eafiiy  leen  to  advance.  When 
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the  Vapours  which  com  pole  the  Mill  &re  moill 
and  wet,  they  are  neither  hurtful  to  Animals,  nor 
are  they  offenfive  to  the  fmelh  But  fuch  as  confilt 
of  Exhalations*  ftink,  are  hurtful  to  the  Health* 
and  often  occaflon  many  Difeafes  *  and  others 
in  many  Places  are  of  a  poifonous  and  deadly 
Nature.  It  is  plain  that  Mills  are  compofed  of 
fome  other  Matter  than  aqueous  Vapours,  becaufe 
when,  they  are  difperfed,  we  often  find  a  thin 
Skin  or  Film  floating  on  the  Surface  of  Water 
over  which  they  were  fufpended,  which  is  of  a 
reddifh  and  greafy  Nature,  fomething  like  that 
which  Ghemilts  oblerve  when  they  prepare  the 
Golden  Sulpher  of  Antimony^ 

Mills  are  formed  in  ferene  calm  Weather,  and 
never  when  there  is  Wind,  for  that  difper- 
fes  them.  They  are  generally  obferved  in  an 
Evening,  efpecialiy  if  the  Sun  in  the  Day  has 
much  heated  the  Earth,  which  by  its  fetting  quick-* 
ly  cools  the  Air,  and  occafions  the  heated  Par¬ 
ticles  of  the  earthly  Bodies  to  afeend  in  great 
Plenty.  In  Ireland  this  chiefly  happens  in  the 
Spring,  and  in  the  Autumn  *  becaufe  the  diffe* 
rence  between  the  Evening-  Heat  and  that  of  the 
Day  is  much  greater  in  thefe  Scafons  of  the  Year, 
than  in  Summer  or  Winter:  There  are  alfo  Morn^- 
ing  Mills  in  Winter,  about  the  Time  of  Sun  rifl¬ 
ing,  becaufe  then  the  Air  is  fooner  heated  or  ra- 
rified  than  the  Exhalations  which  are  fulpended 
in  it,  and  therefore  they  being  Ipeciflcally  heavier 

than  Air,  defeend  and  caufe  the  Mill;  Thefe 

.  .  .  .  .  * 

are  often  feen  in  the  Winter  Months,  November , 
'December ,  January ,  February and  Mills  are  fel- 
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dom  feen  in  the  Summer  Months,  for  in  them  the 
Exhalations  are  almoft  as  foon  heated  as  the  Air 
in  the  Morning,  and  are  almoft  as  foon  condenfed 
as  it  is  in  the  Evening:  Hence  if  you  do  but 
breath  in  the  Winter,  you  fee  a  Mi  ft,  which 
confifts  of  heated  Vapours  from  the  Lungs  into 
condenfed  Air,  of  which  there  is  no  Sign  in  the 
Summer.  In  Places  therefore  which  are  near  the 
North-pole,  they  have  Mifts  for  feveral  Days  toge¬ 
ther :  Thefe  ufually  happen  before  or  after  Weft 
or  South-weft  Winds,  or  with  an  Eaft  Wind,  but 
rarely  with  any  other  Winds  j  for  they  bring  with 
them  many  Vapours  from  the  Neighbouring  Ocean. 
Mifts  happen  in  a  hard  and  continual  Froft,  and 
when  the  Weather  is  clear  and  mild. 

Mifts  which  continue  for  feveral  Days  fuccef- 
fively,  are  frequently  followed  by  Rain  or  Snow, 
the  Vapours  uniting  and  forming  groffer  Bodies 
by  Condenfation. 

When  a  thick  Mift  falls  upon  the  Earth,  it 
moiftens  it  like  Rain,  for  the  Vapours  are  of  the 
fame  Confiftence,  and  differ  only  in  the  Mag¬ 
nitude  of  their  Globule^.  They  are  fometimes 
fo  fubtile  that  they  cannot  be  perceived,  and  fome¬ 
times  as  large  as  fmall  Drops,  A  Mift  falls  indif¬ 
ferently  upon  all  Bodies  whether  rough  @r  polifh- 
ed  ;  if  it  be  very  moift  it  penetrates  into  Houfes* 
clings  to  Walls,  and  runs  down  in  Drops  and 
damps,  or  moiftens  all  Kind  of  Furniture. 

The  Day-light  is  intercepted  by  Mifts  fome¬ 
times  to  a  greater  and  fometimes  to  a  iefs  Degree, 
The  darknefs  is  fometimes  fo  great,  that  a  Perfon 
cannot  fee  any  Object  that  is  within  a  few  Yard* 

of 
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of  him.  The  diforderly  Situation  of  the  Particles 
which  compofe  the  Mi  ft,  caufes  Paftages  of  an 
irregular  Figure  and  Magnitude^  on  account  of 
the  very  different  Denftty  of  the  Air  and  the 
Exhalations ;  by  this  Means  the  Light  is  obftruffed 
in  its  diredl  Paffage,  and  is  drove  off  to  either 
Side.  Hence  it  is  that  when  the  Air  appears 
mifty,  it  foon  becomes  tranfparent  upon  receiving 
more  Vapours  which  are  diftributed  through  it 
more  uniformly. 

Sometimes  the  whole  Atmofphere  is  replete  of 
very  thin  Mifts,  through  which  the  Sun  may  be 
looked  on,  without  offending  the  Eyes*,  but  it 
appears  wan  or  pale,  as  if  it  were  unable  to  fhoot 
forth  its  Beams,  and  yet  the  Atmofphere  looks  as 
clear  as  if  it  were  almoft  in  a  quite  ferene  and 
undifturbed  State. 

Serene  Weather  follows  the  Morning  Mifts  in 
Summer  ;  for  they  being  thin  and  rare,  are  readily 
difperled,  driven  or  attenuated  through  the  Atmos¬ 
phere  by  Means  of  the  Sun’s  Beams. 

Winds  by  ftriking  againft  Mountains  frequently 
condenfe  the  Vapours  they  drive  forward,  and 
caufe  fudden  Mifts  to  arife  at  the  Mountains. 

A  Perfon  in  a  Valley  who  looks  on  the  Sides  of 
Mountains  which  are  illuminated  with  the  Sun, 
will  obferve  thick  fmoaky  Mifts  to  arife  from 
them  5  becaufe  the  Spectator  views  the  Sun  Beams 
that  ftrike  againft  the  Mountain,  laterally  and 
obliquely,  through  which  Beams  the  afcending 
Vapours  may  eafiJy  be  feen  *,  as  we  fee  fmall 
Particles  of  Duft  Boating  in  the  Air  in  the  Sun’s 

TJ  %  Beams, 
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Beams,  when  we  look  upon  it  obliquely  or  Sick? 
ways. 

A  Cloud  is  nothing  but  a  Mift  which  has  afcenck 
ed  :  For  Smoak  which  arifes  from  the  burning 
of  any  Bodies,  forms  a  Cloud.  Many  have  had 
the  Curiofjty  to  go  up  into  the  Clouds,  which 
cover  the  Tops  of  Mountains,  and  have  found 
them  to  be  Mills  only ;  and  others  have  gone 
to  the  Tops  of  Mountains,  which  were  above  the 
Clouds,  and  have  feen  the  Cloud  or  Mift  under 
them.  Some  Travellers  have  gone  into  the  Clouds 
pn  the  Tops  of  the  higheft  Mountains,  and  yet 
have  found  the  Clouds  were  nothing  but  Mills, 
which  do  not  confift  pf  Snow,  Ice  or  any  firm 


Clouds  are  continually  changing  their  Shape, 
and  therefore  it  follows  that  they  muft  confift  of 
thin  fluid  Exhalations,  and  not  of  folid  and  con¬ 
crete  Bodies;  for  fhould  Clouds  cohere  into  firm 
Mafifes,  they  would  foon  become  fpecifically  hea¬ 
vier  than  the  Air,  and  would  fall  on  the  Earth, 
if  very  rapid  Winds  did  not  hurry  them  away  * 

but  as  this  has  not  yet  happened,  the  Clouds 

therefore  are  not  folid,  though  they  feem  to  be 

fo. 

Some  Clouds  appear  to  be  more  opaque,  or 
darker  than  Mills ;  and  again  others  are  fo  white, 
that  they  leem  to  be  compofed  of  pure  Snow,  or 
of  fome  fuch  white  and  folid  Bodies  :  Yet  thefe 

;  v  '  ■  »  i  '  t  .  *  . .  .  •  .  - 

different  Appearances  do  pot  proceed  from  any 
Difference  in  the  conftituent  Parts  of  either,  but 
becaufe  the  Spectator  is  furrpunded  with  a  Mift 

views  the  Cloud,  and  therefore 


through  which  he 


as 
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he  then  views  it  through  a  thicker  Medium, 
it  will  appear  darker,  than  when  he  views  it  after 
the  Mift  isdifperfed  through  clear  Air,  or  through 
a  thinner  Medium. 

Clouds  are  fufpended  in  the  Atmofphere  at  dif¬ 
ferent  Heights,  according  to  their  different  Specific 
Gravities*,  and  hence  they  are  feen  to  move  over 
one  another,  and  though  the  higheft  Clouds  feem 
to  be  at  a  great  Diftance  from  us,  yet  few  of  thefe 
exceed  the  Diflance  of  one  Mile.  Very  thin  Ex¬ 
halations  may  arife  to  a  much  greater  Height, 
but  on  account  of  their  great  rarity  and  tranfpa- 
rency  they  do  not  appear  as  Clouds  to  us. 

Becaiffe  the  Air  is  never  quite  at  reft,  the  Figure 
and  magnitude  of  Clouds  are  conftantly  changing, 
fome  Farts  feperate,  and  others  approach  them ; 
Wjnds  hurry  them  away  with  a  very  great  Velocity 
and  often  rend  them  to  Pieces  and  they  vanifh : 
Hence  when  Tempefts  rage,  the  Heaven  is  clear. 
The  Beams  of  the  Sun  often  attenuate  the  groffer 
Vapours  which  compofe  the  Clouds,  and  diftribute 
them  through  other  Air,  fo  as  they  become  tranf- 
parent  with  it*,  and  Clouds  when  they  are  thus 
clifhpating,  have  been  feen  to  emit  Vapours, 
which  appear  like  a  rifing  Smoak  ;  and  Clouds  are 
alfo  difperfed  when  the  Atmofphere  becomes  more 
qondenfed  and  weighty  *,  for  then  they  afcend,  and 

E  being  carried  into  purer  Air,  they  are  diffolved  in- 
fenfibly.  , 

The  Parts  which  compofe  a  Cloud  are  not  con¬ 
joined  and  united,  becaufe  the  Extremities  of 
Clouds  are  irregular  and  uneven  :  For  were  they 
pne  united  Fluid,  as  they  fwim  in  another  Fluid, 

they 
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they  would  affume  a  fpherical  or  globular  Figuret 
which  would  continue  if  that  Fluid  were  converted 
into  a  Solid. 

Clouds  are  fometimes  tinged  with  various  Co-* 
lours,  yet  they  generally  appear  white,  becaufe 
their  external  parts  refleft  the  pure  Light  of  the 
Sun,  not  feperated  in  its  Colours,  There  are  alfo 
Clouds  which  are  brown  and  black,  particularly 
when  it  thunders,  which  abforb  the  light  and  re- 
Heft  but  little  of  it  The  Clouds  are  ufually 
red  about  the  rifingand  fetting  of  the  Sun,  which 
when  the  Sun  is  nearer  the  Horifon  appear  violet, 
and  afterwards  blue,  for  the  Light  ftriking  upon 
the  Globules  of  Vapour,  and  being  by  them  re- 
Hefted  and  refrafted,  parts  into  different  Colours* 
according  to  the  various  Altitudes  of  the  Sun. 

The  Clouds  defcend  and  gather  together  as  the 
Atmofphere  becomes  lighter  and  make  the  Hea¬ 
ven  dark,  which  betokeneth  Rain  *,  and  then  the 
Mercury  in  the  Barometer  falls,  as  hath  been  already 
fhewn. 

The  Clouds  are  of  great  Ufe,  x.  By  conveying 
Rain  to  all  the  Parts  of  the  Earth.  2.  By  cool¬ 
ing  the  Earth,  and  thereby  preventing  its  being 
parched  by  the  violent  Heat  of  the  Sun.  3. 
They  are  a  principal  Caufe  of  Winds.  4.  They 
refleft  and  refraft  the  Suns  Rays  in  very  different 
Directions,  by  which  Means  we  fee  many  Bodies, 
which  are  not  diredtly  illuminated  by  the  Sun. 

Dew  is  occafioned  by  Steams  and  Vapours  of 
the  Earth  which  afcend  on,  high  like  a  Mi  ft,  and 
being  extreamly  rare  cannot  be  feen  *  when  thefe 

defcend 

s  «  *  * 
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defcend  to  the  Earth  they  leave  a  light  Moifture 
which  we  call  Dew. 

There  are  Drops  of  Water  found  on  Plants  in  the 
£vening,and  Morning  which  have  been  fuppofed  to 
be  Dew ;  but  by  many  accurate  Obfervations,  thefe 
Drops  have  been  found  to  be  the  Sweat  of  the 
Plants,  which  expires  through  the  Orifices  of  their 
Veffels.  For  every  Plant  emits  this  Sweat  or  Dew  ac~ 
cording  to  its  Nature,  or  according  to  the  different 
Situation  of  its  Orifices ;  and  Plants  which  have 
been  covered  with  Glaffes,  or  other  wife  fecured 
by  Veffels  which  cover  them  from  the  Dew,  have 
colle&ed  in  one  Night  more  Drops  than  thofe 
which  have  been  expofed  to  the  Air  and  Dew : 
And  it  has  alfo  been  obferved,  that  the  Drops  arc 
only  found  where  the  Orifices  of  the  Veffels  are 
manifeftly  open,  and  not  all  over  the  Leaf,  nor 
in  the  hollower  Parts  of  the  Plant,  which  muftbe 
if  it  were  produced  by  the  Defcent  of  Dew  or 
Vapour  This  Sweat  is  foon  difperfed  by  the 
Wind,  or  by  the  Heat  of  the  Day,  and  of 
a  calm  hot  Day  it  is  emitted  copioufly  from  the 
Veffels.  -  ’ 

The  Earth  is  greatly  heated  by  the  Sun,  which 
as  before,  caufes  many  Vapours  and  Exhala¬ 
tions  to  arife.  Whatever  rifes  in  the  Day  ef- 
capes  our  Sight  for  the  mod;  Part,  and  is  quickly 
difperfed  in  the  Air :  But  when  the  Air  cools  after 
Sun  fet,  the  warm  Steams  arife  in  greater  plenty 
with  a  flow  Motion  by  which  Means  they  adhere 
firft  to  Bodies  that  are  near  the  Ground,  and  then 
io  thofe  that  are  higher;  For  they  have  often 

been 
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been  obferved  to  rife  no  higher  than  3 1  Feet  irf 
an  Hour  and  half. 

The  afcending  Dew  muft  manifeftly  differ  ac¬ 
cording  to  the  different  Soils  of  Places  *,  as 
abounding  here  and  there  with  aqueous,  fpirituous* 
oleaginous,  falinc  and  metallic  Qualities  of  the 
Earth’s,  from  whence  they  arofe  j  and  therefore 
in  different  Soils  it  is  plain  they  muft  produce 
different  Phcenomena,  and  occafion  different  Dif* 
tempers  to  Animals.  Hence  Dew  never  adheres 
to  pollifhed  Metals  in  fome  Countries,  yet  in  others 
it  adheres  to  them,  fo  as  to  ruft  them  daily  *,  and 
again  in  other  Places,  it  adheres  to  ail  Bodies 
without  Exception. 

In  fome  Places  the  Dew  has  been  found  to  af- 
cend  but  not  to  return,  being  diffipated  by  fudden 
Winds:  In  other  Places  ir  afeends  and  fettles  by 
retaining  its  Heat ;  and  again  much  greater  Quan¬ 
tities  afeend  than  defeend,  for  the  upward  Parts 
are  drove  forward  by  Winds,  which  do  not 
affe<ft  the  lower. 

The  Winds,  Rains,  and  other  Inconveniences 
render  it  impoffible  to  determine  the  Quantity  of 
Dew  that  arifes  every  Night  or  in  a  Year,  and 
this  muft  differ  with  refpedt  to  the  different  Soils, 
as  well  as  with  Refpe£t  of  the  different  Degree* 
of  Heat  in  different  Countries. 

Oily  or  Honey-dew  is  produced  by  the  violent 
Heat  of  the  Sun  on  Trees,  and  Herbs,  which  emit 
an  oily  Sweat,  and  rifing  as  dew,  afterwards  falls  on 
Water  and  makes  its  Surface  appear  oily  and  fat. 
This  may  be  feen  on  Rivers  near  Places  where 
there  are  many  Trees  planted. 

Rain 

\  ■  . 
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l&g/K  is  a  Multitude  of  Drops  which  for  the 
fnoft  Part  fall  from  Clouds:  Butin  Summer  after 
calm  Weather  when  the  Sun  is  violently  I104 
fmall  Quantities  of  Rain  fall  in  fmall  Drops  1 

K  _  >i-r«  '  f  ^ 

For  the  great  Heat  hurries  the  Vapours  upwards 
with  an  uncommon  Velocity  into  cool  Air,  where 
being  quickly  con  den  led.  they  return  in  Drops 
without  forming  a  Cloud. 

When  the  Particles  of  Vapour  that  form  a 
Cloud,  approach  each  other  fo  nearly  as  to  attract 
each  other,  they  cohere  and  form  a  Drop,  which 
becoming  fpecificaily  heavier  than  the  Air  that 
before  fuftained  them,  falls  downward,  and  meeting 
other  Drops  is  united  With  them,  and  fo  increales 
in  Magnitude,  till  it  falls  on  the  Earth.. 

When  the  Parts  of  a  Cloud  are  changed  equably* 
but  (lowly,  fo  that  the  Vapours  unite  gradually  1 
then  they  will  fall  down  in  very  fmall  Drops*  the 
*  Specific  Gravity  of  which,  do  but  little  exceed 
that  of  the  ambient  Air,  wnd  therefore  defeend 
through  it  gently*  in  Form  of  every  thin  dewy 
Rain  called  Pfecas ,  or  vulgarly  a  Scotch  Mift  ;  but 
thele  are  not  very  frequent :  The  like  will  alfo  hap 
pen,  when  the  Cloud  firft  changes  its  lower  Pared, 
and  proceeds  gently  upwards,  tor  in  this  Cale  the 
Vapours  uniting  into  fmall  Drops  will  defeend 
gently,  and  will  come  to  the  Earth  in  the  fame 
Magnitude,  as  when  they  left  the  Cloud :  But  if 
the  upper  Part  of  a  Cloud  be  firft  changed,  it 
is  plain  the  Drops  muft  increafe  by  attracting  Va¬ 
pours,  the  further  they  defeend  till  they  fall  ari 
large  Drops.  This  is  frequent;  and  a  heavy  Shower 
has  been  obferved  by  feme  in  a  We,  when  others 

X  .  art 
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on  the  adjoining  Hill,  and  in,  or  under  the  fame 
Cloud,  have  found  the  Shower  but  light. 

Notwithftanding  what  has  been  already  faid 
concerning  Rains,  yet  the  Winds  feem  to  be  the 
principal  Caufe  of  them  ;  for  when  the  Wind 
blows  downwards  upon  a  Cloud,  it  thereby  forces 
the  Vapours  to  unite  and  to  fall  in  Rain  ;  and  va~ 
pourous  Clouds  which  arife  from  the  Ocean,  are 
carried  by  the  Winds  over  terreftrial  Regions, 
and  being  dafhed  againft  Hills,  or  againft  other 
Clouds,  which  have  been  driven  in  an  oppofite 
Direction,  they  are  thereby  forced  into  Rain ; 
for  Winds  which  blow  between  the  Weft  and  South, 
or  from  either  the  great  JVefiern  Oceany  or  from 
the  Atlantic  Ocean>  are  generally  productive  of 
Rain;  but  Winds  from  the  Continent,  feldom 
produce  Rain,  unlefs  they  are  met  with  Winds 
in  contrary  Directions,  and  then  Rain  enfues  with 
us.  Thefe  Obfervatiorss  or  Rules  for  Rain,  are 
Far  from  being  universal,  for- every  Country,  from 
its  own  Obfervations,  is  belt  able  to  account  for 
Rains  being  produced  by  this  or  that  Wind. 

Since  the  Air  is  infeCted  with  all  Kinds  of  Ex¬ 
halations,  and  is  defiled  with  Salts,  Spirits,  Oils, 
Earths,  Metals,  £s?c.  it  is  plain  that  Rain  in  its 
Defcent,  mull  alfo  be  defiled  by  palling  through 
it,  and  therefore  that  it  cannot  be  pure  Water; 
and  that  it  muft  be  better  or  worfe  as  the  different 
Soils  are  from  whence  the  Exhalations  2rofe,  as 
well  as  according  to  the  different  Seafons  of  the 
Year;  and  becaule  the  Seeds  of  very  fmall  Plants, 
and  the  Eggs  of  innumerable  lnfe<51s  float  in  the 
Air,  they  muft  be  carried  down  with  the  Rain. 

Hence 
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Hence  it  is  that  Greens  of  different  Kinds,  ve- 
gitate  in  Ditches,  Ponds,  Lakes  and  Rivers ; 
and  that  Rain  Water  is  foon  corrupted,  by  the 
Means  of  innumerable  Animalcula,  which  quickly 
die  and  (link. 

If  Rain  Water  be  ever  fo  darefully  clofed  in 
a  VefFei,  it  will  be  full  of  fmall  white  Spots  or 
Clouds,  from  the  Quantity  of  Corpufcles  or  Ani- 
malcula  it  contains,  which  by  Degrees  increafe, 
and  the  Water  will  become  more  opaque.  Thefe 
in  a  little  Time  degenerate  into  a  thin,  ftiff,  gluti¬ 
nous  Mucus  or  Muck ,  which  occafions  the  Water 
to  be  of  a  ropy  Nature. 

From  what  has  been  faid  we  may  partly  account 
For  Showers  of  a  miraculous  and  uncommon  Nature  % 
for  the  feveral  Exhalations  came  down  with  them 
as  they  fell.  Mofes  fin  XIX  Chap,  of  Gen .  and 
24 th  Verfe )  tells  us,  it  rained  Brimftone  ;  and 
Stheuch  Zerus  relates,  that  in  the  Year  1677,  there 
was  a  yellow  Rain  fell  near  Zurich ,  which  was 
found  fwimming  in  the  Form  of  Powder  upon  an 
adjacent  Lake.  It  was  imagined  that  this  Powder 
was  carried  by  the  Wind  from  the  Pines  into  the 
Air,  where  it  mingled  with  Rain. 

We  have  had  frequent  Acounts  both  from  the 
Antients  and  Moderns  of  Drops  of  Blood  falling 
in  Showers :  But  fome  curious  Perfons  upon  Exa¬ 
mination  found  the  Drops  were  full  of  Red 
Infects. 

We  are  alfo  told  of  a  Salt  Shower  occafioned 
by  a  raging  Tempefl  at  Suffex  in  England:  {Philo f 
Tranf  No.  289)  for  the  Sprays  or  extream  Drops  of 
the  Surges  of  the  Sea,  which  arofe  from  its  being 

X  2  dalhtd 
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dafhed  again  ft  the  Rocks,  were  carried  a  loft  in 
the  Air,  and  fell  on  the  adjoining  Lands. 

Hence  therefore  it  is,  that  after  a  Shower  of 

:  ,  ,  •  v  i  •  ,  i  '  i  • 

Rai  n,  we  plainly  difcern  the  Air  to  be  pure  and 
Crapfparent,  fo  that  very  diftant  Objeds  may  be 
feen  clearly  and  di ftinCtiy  •,  and  that  the  Colours  of 
Plants  are  then  moft  bright  and  beautiful,  and 
fhat  the  veritable  and  animal  World  feem  to  be 

•  • . *  t  ■*-*  ■  j  ,  .  .  >  i.  .  .  > 

renewed  by  the  frefh  vivifying  Air. 

Though  Rain  falls  from  high  Clouds,  yet  it 
does  not  come  to  the  Earth  with  fo  great  a  Velocity 
as  may  be  expedled  by  the  Law  of  Gravitation, 
qg  Account  of  the  great  Refiftance  of  the 
Air.  This  is  fo  ordered  that  tender  Plants  may 


not  fuffer  by  the  Drops,  which  otherwife  would  be 
deftroyed/7  ?  '  ;  :  j'  ''  '  ‘  ‘ 

Rain  is  of  Ufe,  to  moiften  and  foften  the  Earth 
which  is  dried  up  by  the  Sun,  and  thereby  it 
becomes  fruitful  by  nourifhing  all  Kinds  of  Ve- 
gi tables  *,  it  waflies  and  clean! es  the  Air,  from 
fjlthy  Exhalations,  and  from  the  hurtful  or  uf  e-lei  s 
Refniration  of  Animals:  It  cods  the  Air  that 
Is  near  the  Earth,  by  falling  from  higher  and 
pooler  Air  :  It  is  the  Origin  of  Fountains,  Springs, 
Brooks,  and  therefore  of  Rivers,  but  not  tke  only 
Caufe  •,  for  the  Vapours  cooling  in  the  Night 
unite  on  the  Surfaces  of  Mountains,  and  convert  into 
Water,  which  diftilling  downwards,  fupplies  Springs 
and  Rivers  with  an  incredible  Quantity  of  Water. 

A  Water-fpoi{t  or  V/hirl-pool  is  occafioned  by  two 
■^yinds  blowing  in  oppofite  Directions,  which  do  not 

1  i  K  '  '  <f'  * .  « 

meet  with,  or  touch  each  other,  but  leave  a  Calm 
between  them.  Such  Winds  whirl  a  Cloud  about 

fVj  t  A\'l  ti  tit's,  ti'tF.  s;  ‘  fi  -  r-t  t  Wilt.,  t-s  .  ’  ,  1  « 
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that  falls  between  them,  condenfe  it  and  roll  it 
into  a  cylindrical  or  conical  Form,  which  defcends 
by  its  Gravity,  but  its  Rafe  Hill  adheres  to  th,e 
remaining  thick  and  black  Cloud,  and  its  Vertex 
is  downwards.  Water-fpouts  are  of  very  different 
thickneffes,  fometimes  they  are  more  than  50  Fa¬ 
thoms,  and  at  other  Times  not  of  above  4  or 
c  Fathoms. 

&  <j  p 

Water-fpouts  have  been  found  to  be  empty  with¬ 
in,  the  Parts  receding  from  the  Center,  by  the 
centrifugal  Force,  and  the  Particles  which  fly  off 
from  the  external  Surfaces  form  Rain.  They  are 
hurried  over  Sea  and  Land.  When  they  are  over 
Sea  they  fink  almofi:  to  its  Surface,  and  then  by 
the  Preflure  of  the  Atmofphere,  Part  of  the  Sea 
Water  rifes  into  the  Middle  of  them,  where  the 
Air  is  rarified  by  the  centrifugal  Force  of  the 
Water;  and  light  Bodies  are  feen  to  rife  through 
the  Middle  of  them.-  Now  becaufe  about  the 
arifing  Column  there  is  a  vaft  Quantity  of  the 
Water  of  the  Spout  falling  on  all  Sides  with  Vio¬ 
lence  on  the  Sea  ;  it  exhibits  about  the  Surface  of 
the  Sea,  the  Appearance  of  thin  Rain,  fo  that 
the  Sea  feems  to  rage  and  foam.  Wherever  a 
Whirl-pool  fettles;  it  ftrips  the  Ground,  deflroys 
and  beats  down  every  Thing  in  its  way,  as  Build¬ 
ings,  Trees,  Ships,  &V.  with  more  Violence  than 
the  moft  rapid  Winds ;  fending  forth  a  Noife 
nearly  refembling  that  which  is  made  by  a  Mul¬ 
titude  of  Carriages  rolling  over  Pavements,  which 
does  not  ceale  till  the  Cloud  is  quite  fallen  down. 
The  greater  the  Spout  is,  the  fooner  it  is  fpent, 
^nd  the  Continuance  of  any  of  them  is  but  flhort. 
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that  is,  they  are  not  of  fo  long  as  of  an  Hours 
Duration. 

Immenfe  Quantities  of  Water  fall  upon  the 
Earth  when  a  Cloud  breaks,  fo  as  to  overflow 
it  with  immoderate  Showers.  Indeed  when  Clouds 
are  fqueezed  together  by  Winds,  meeting  in  op- 
poflte  Directions,  or  when  Winds  drive  the  Clouds 
with  Violence  againft  Mountains,  the  Clouds  break 
and  fall  in  heavy  Rain.  Hence  Rain  is  more 
frequent  in  hilly  or  Mountainous,  than  in  flat 
and  champain  Countries. 

Hoar-froft  is  a  light  Dew  or  Vapour  which  iffu- 
Ing  out  of  the  Veffels  of  Plants,  and  from  the 
Earth  is  foon  condenfed  by  the  cold  Air  in  the  Win¬ 
ter,  and  being  changed  into  Ice,  covers  the  Face 
of  the  Earth  and  all  Things  on  it  that  are  low. 

Hail  is  nothing  elfe  but  Drops  of  Rain  which 
are  frozen  in  their  Paflfage  through  cold  Air, 
and  become  hard  Bodies ;  and  juft  as  Drops  of 
Rain  differ  at  different  Times  in  their  Magnitude, 

'•*  $  y 

fo  do  Halftones  alfo  differ  in  their  Size. 

Hail-ftones  are  feldom  in  the  Form  of  a  per¬ 
fect  Sphere,  but  are  for  the  mo  ft  Part  flattened, 
compreflfed,  full  of  Angles,  concave  ;  and  they 
are  generally  fo,  if  the  Wind  blows  hard  ;  for  they 
by  unequal  Preffure  comprefs  the  Drops  of  Rain 
and  reduce  them  into  various  Figures,  which  they 
retain  after  Congelarioa,  or  being  frozen. 

Sometimes  Hail  is  foft,  and  its  Surface  is  as 
if  it  were  fprinkled  with  Meal :  But  this  being 
final!  foon  melts,  becaufe  it  falls  when  the  Sky 
is  calm,  moift,  arid  warmifh. 

Hail 
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Hail  has  often  a  white  Nucleus  or  Kernel 
in  its  Middle,  which  is  not  cranfparent,  but  opaque,, 
being  covered  with  a  hard  tranlparent  Shelf 
This  Nucleus  feems  to  be  firft  produced,  and 
falling  into  a  Drop  of  Rain  is  furrounded  by  it 
and  turned  into  Ice.  This  Kind  of  Hail  generally 
falls  in  a  Mixture  of  Rain. 

Hail  fometimes  puts  on  very  different  Figures, 
and  again  every  of  its  Stones  or  Grains  is  of  the 
fame  Figure,  which  is  either  pyramidical,  half 
round,  full  of  Angles  or  fqueezed  fiat  this  feems 
to  be  occafioned  by  Exhalations,  which  are  of  a  dif¬ 
ferent  Nature  mingling  with  the  Drops,  and  being 
turned  into  Ice,  affume  different  Shapes  and  Co¬ 
lours  ;  but  being  of  the  fame  Nature  will  be  of 
the  fame  Figure. 

Snow  is  a  Golle&ion  of  long  flender  Drops  of 
Vapour,  which  falling  from  a  Cloud  and  being 
congealed,  meet  each  other,  and  compofe  various 
Fleeces  of  various  Magnitudes.  Indeed  the  various 
Forms  of  Fleeces  are  truly  wonderful ;  fome  be¬ 
ing  irregular,  and  others  for  the  mod:  Part  being 
of  a  regular  Form  ;  fome  are  like  Spikes  croiTing 
each  other;  others  are  of  a  pentagonal  or  hexago¬ 
nal  Form,  with  beautiful  Branches  ilfuing  in  great 
variety  from  their  Centers  ;  others  reprefenc  the 
Leaves  of  Flowers ;  and  again,  others  are  in  the 
Form  of  Stars.  Thefe  Differences  feern  to  depend 
upon  the  Exhalations,  being  mingled  with  Vapours, 
which  in  falling  from  a  Cloud  aie  congealed  ;  as 
Salt  diffolved  in  Water  may  be  cryffaliized  into 
various  Figures ;  for  other  wife  it  would  be  diffi¬ 
cult  to  conceive,  how  all  the  Fleeces  Ihould  be 

formed 
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formed  in  the  Air  at  fome  Times,  of  the  fame 
regular  Figure. 

Snow  juft  fallen  is  generally  very  rare,  but  large 
flakey  Snow  is  not  fo  rare;  becaufe  a  Quantity 
of  the  latter,  will  yield  more  Water  than  a  like 
Quantity  of  the  former. 

If  after  a  great  fall  of  Snow,  a  Froft  Comes  on 
and  continues  with  ferene  Weather*  the  Snow  will 
by  Degrees  fubfide,  and  continually  decreafe  by 
Evaporation,  ’till  at  length  it  vanifhes  into  Air  r 
For  the  folar  Heat  continually  foftens  and  melts 
it,  and  making  the  diffolved  Parts  volatile,  thus 
con  fumes  it. 

The  Fleeces  of  Snow  that  fall  while  a  Froft  com 
tinues  are  always  lefs  than  thofe  that  fall  in  war¬ 
mer  Air  :  For  as  the  Air  becomes  warmer  fome- 
times  Snow  and  Rain  fall  together. 

Snow  is  very  white  and  reflects  the  Light  ftrong- 
Jy,  though  every  Pat  tide  of  it  is  tranfparent  Ice, 
of  which  we  are  confirmed  by  viewing  it  through 
a  Microfcope.  But  becaufe  there  are  very  irre¬ 
gular  Poies  between  the  feveral  Spicula  or  Dart |  j 
the  Light  cannot  pafs  through  them,  but  is  ftrong- 
]y  reflected,  as  if  it  were  tranfparent  Glafs  beat 
Co  Powder. 

Snow  prefeives  the  Herbs  in  Winter,  by  cover* 
ing  and  i’ecuring  them  againft  the  inclemency  and  ' 
and  feverity  of  the  Froft,  and  fupplies  Brooks  and  f 
Rivers:  If  a  fudden  Thaw  fucceeds  a  great  fall 
of  Snow,  the  Snow-waters  from  the  Mountains 
fwell  the  Rivers,  fometimes  fo  as  to  overflow  the 
adjacent  Lands,  and  to  do  much  Damage,  by 
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fweeping  away  Cattle,  Corn,  Mills,  Bridges  or 
whatfoevei  elfe  happens  to  he  in  its  Way. 

An  Iris  or  Rain  bow  appeals  when  the  Sun  fhines 
at  the  Back  of  the  Spectator,  and  at  the  fame 
Time  there  is  a  dark  Cloud  before  him,  with 
Bain  falling  between  him  and  the  Cloud. 

Sometimes  two  or  three  Rain-bows  have  been 
feen  together,  concentric  to  each  other.  The  in¬ 
ternal  Bow,  which  is  mo  ft  lively  in  its  Colours  is 
called  Primary ,  the  external  being  more  languid^ 
is  called  Secondary  j  if  there  is  a  third  it  appears 
extreamly  languid. 

The  Order  of  the  Colours  in  the  two  Bows  is 
inverted.  In  the  primary  counting  from  the 
inward  Part  of  the  Bow,  they  follow  in  this 
Order ;  Violet,  Purple,  Blue,  Green,  Yellow* 
Orange,  Red ;  and  in  the  fecondary  Bow,  begin* 
ing  from  the  in  fide  as  before,  you  wiil  have  Red, 
Orange,  Yellow,  Green,  Blue,  Purple,  Violet, 
being  the  Colours  that  are  exhibited  through  a 
glafs  Prifm  as  before. 

•Fig.  75.  That  the  primary  Iris  may  be  under* 
flood,  let  a  Drop  of  Rain  be  represented  by 
BNFG,  upon  which  let  AN  a  Ray  of  the  Sam 
fall,  which  is  refraCted  at  N  to  F,  where  let  it 
go  out  of  the  Sphere  by  Refraction  towards  V, 
or  be  reflected  to  G,  from  whence  let  it  go  out 
by  Refraction  towards  R,  or  be  reflected  to  H, 
and  there  let  it  go  out*  by  Refraction  towards  S, 
and  cut  the  incident  Ray  in  Y :  Let  AN  and  RG 
be  produced  till  they  meet  in  X. 

Parrallel  to  the  incident  Ray  AN,  draw  the 
Diameter  BQ^  and  let  BL  be  a  Quadrant  next 

Y  the 
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the  Sun,  upon  which  let  us  fuppofe  many  Rays 
to  fall  parallel  to  AN  or  BQ :  As  the  Point  of 
Incidence  removes  from  B  towards  L,  the  Angle 
AXR,  which  is  contained  by  the  Rays  AN  and  RG, 
will  increafe  at  fir  ft,  and  then  decreafe  \  and  on 
the  contrary,  the  Angle  AYS  will  firft  decreafe 
and  then  increafe. 

Let  N  be  that  Point  of  the  Quadrant  BL  on 
which,  if  the  incident  Ray  falls,  it  makes  the 
greateft  Angle  poflible  with  the  Ray  RG,  which 
emerges  after  one  Reflection:  Then  all  the  Rays 
that  fall  a  little  on  each  Side  of  N,  and  go  out 
after  Reflection,  will  emerge  parallel,  or  nearly 
parallel  to  GR  ;  but  thofe  that  fall  on  the  Quad¬ 
rant,  at  greater  Diftances  from  N,  though  they 
are  parallel  before  their  Incidence,  will  diverge 
after  their  Emergence.  Therefore  if  an  Eye  be 
placed  in  the  Direction  of  the  emerging  parallel 
Rays,  a  diftinCt  image  of  the  Sun  will  be  feen 
in  the  Drop,  but  if  it  be  placed  amongft  the  di¬ 
verging  Rays,  it  will  not  appear  in  the  Drop. 

Again  if  N  were  that  Point  of  the  Quadrant 
upon  which  if  the  incident  Ray  AN  falls,  it  makes" 
the  leaft  Angle  with  the  Ray  HS  which  emerges 
after  two  Reflections:  Then  as  before,  all  the  Rays 
which  fall  nearN,  will  after  two  Reflections  emerge 
parallel  or  nearly  fo,  and  will  exhibit  the  Suns 
Image  in  the  Drop,  to  an  Eye  placed  in  the  emerg¬ 
ing  Rays  •,  but  thofe  which  fall  at  a  fenfible  Dif- 
tance  from  N,  will,  after  two  Reflections,  emerge 
with  diverging  or  fluttering  Rays,  which  are  too 
feeble  to  fliew  the  Suns  Image  in  the  Drop,  to 
an  Eye  which  is  placed  amongft  them. 
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Now,  becaufe  Rays  of  different  Colours  have 
different  Degrees  of  Refrangebility,  the  greateft 
Angle  AXR,  which  can  be  made  by  the  incident 
Rays,  and  thofe  that  go  out  after  one  Reflection, 
will  be  of  different  Magnitudes,  in  Rays  of  diffe¬ 
rent  Colours ;  and  the  fmalleft  Angle  AYS  that  can 
be  made  by  the  incident  Rays,  and  thofe  that  go 
out  after  two  Reflections,  will  alfo  be  of  different 
Magnitudes  in  Rays  of  different  Colours  ;  and  it 
has  been  found,  that  the  greateft  Angle  AXR  is 
42  Degrees  and  two  Minutes  in  Red  Rays,  which 
are  leaft  refrangible,  and  the  leaft  Angle  AYS  is 
50  Degrees  and  57  Minutes;  and  that  the  greateft 
Angle  has  been  found  to  be  40  Degrees  and  17 
Minutes  in  Violet  Rays,  which  are  moft  refrangi¬ 
ble,  and  the  leaft  Angle  is  54  Degrees  and  7  Mi¬ 
nutes. 

Fig.  76.  Through  O  the  Spectators  Eye,  let 
OP  be  drawn  parallel  to  the  Suns  Rays,  and  let 


POE  be  an  Angle  of  40  Degrees  17  Minutes, 
and  POF  an  Angle  of  42  Degrees  2  Minutes; 
POG  one  of  50  Degrees  57  Minutes,  and  PQH 
one  of  54  Degrees  7  Minutes  ;  if  thefe  refpetive 
Angles  be  turned  about  on  their  common  Side  OP, 
they  will  defcribe  the  Verges  of  the  two  Rain¬ 
bows  AbBE,  and  CHDG. 

For  the  Drop  E,  and  all  theft  in  the  concave 
Part  of  the  lefier  Rainbow,  whoft  Angle  POE 
is  40  Degrees  17  Minutes,  being  the  greateft  An¬ 
gle  in  which  the  moft:  refrangible  Rays,  can  after 
one  Reflection  be  refra&ed  to  the  Eye,  will 
ftrike  the  Senfes  with  the  deepeft  Violet  Colour, 
in  that  Region.  And  the  Drop  F,  as  well  as  all 
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the  other  Drops,  which  are  on  the  convex  Part 
of  the  lefler  Rainbow,  whofe  Angle  POF  is  42 

Degrees  2  Minutes,  being  the  greateft  Angle  in 

:  •  < 

which  the  leaft  refrangible  Rays  after  one  Reflec¬ 
tion  meet  the  Eye,  will  flrike  the  Senfes  with 
the  deepeft  Red  Colour  in  that  Region  :  There¬ 
fore  all  the  intermediate  Drops  between  E  and  F, 
or  between  the  Concave  and  convex  Parts  of  the 
lefler  Bow,  will  exhibit  all  the  intermediate  Co¬ 
lours  between  Violet  and  Red  ;  fo  that  from  the 
infide  to  the  outfide  of  this  Bow,  which  is  the 
primary  Bow,  they  will  be  in  this  Order,  Violet, 
Purple,  Blue,  Green,  Yellow,  Orange  and  Red.  ' 4 
Again,  the  Angle  SGO  which  is  equal  to  POG* 
being  an  Angle  of  50  Degrees  57  Minutes,  and 
being  the  leaft  Angle  in  which  the  moft  refran¬ 
gible  Rays,  after  two  Reflections  meet  the  Eye, 
the  Drop  G,  and  all  the  other  Drops  which  are 
on  the  infide  of  the  greateft  Bow,  will  ftrike  the 
Senfes  with  the  deepeft  Red  in  that  Region.  ‘  And 
the  Angle  SHO,  which  is  equal  tp  PQH  of  54 
Degrees  7  Minutes,  being  the  leaft  Angle  in  which' 
the  moft  refrangible  Rays  after  two  Reflections, 
fhail  meet  the  Eye;  the  Drop H,  and  all  the  other5 
Drops,  which  are  on  the  convex  Parc  of  the  greateft 
Bow,  wiil  ftrike  the  Senfes  with  the  deepeft  Vio¬ 
let  in  that  Region.  Therefore  all  the  interme¬ 
diate  Drops  between  G  and  H,  and  all  the  other 
Drops  that  are  between  the  infide  and  the  outflde 
of  the  greateft  Bow,  will  exhibit  all  the  interme¬ 
diate  Colours  between  Red  and  Violet  ;  fo  that 
the  Colours  of  the  fecondary  Bow,  counting  from 
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the  infide,  will  be  in  this  Order;  Red,  Orange, 

*  *'  .  i  ,  t  -  ,  •  » - 

Yellow,  Green,  Blue,  Purple  and  Violet 

Thus  then  there  are  two  Bows,  a  primary  and , 
a  fecondary  one,  in  which  the  Order  of  their  Co¬ 
lours  are  inverted;  the  Breadth  of  the  Primary 
will  be  i  Degree  and  45  Minutes,  and  that  of  the 
Secondary,  will  be  3  Degrees  xo  Minutes;  and 
the  Diftance  between  the  Bows,  will  be  8  Degrees 
£5  Minutes. 

Hence  it  mud  be  abundantly  manifed,  that  a 
greater  or  Jefs  Portion  of  a  Bow  mud  appear,  ac¬ 
cording  to  the  different  Height,  both  of  the  Sun 

■  j  »  ' '  t  _  , 

and  the  Spectator  above  the  Horizon.  For  if  the 
Spectator  and  Sun  be  both  in  the  Horizon,  OP 
will  be  parallel  to  the  Horizon;  but  as  the  Sun 
afeends,  OP  will  be  depreffed,  and  therefore  the 
Center  of  the  Bow  will  be  below  the  Horizon,  and 
confequently  a  lefs  Portion  of  it  can  be  feen :  But 
when  the  Sun  is  42  Degrees  2  Minutes  high,  the 
(  Li  ne  OE  will  be  parallel  to  the  Horizon,  and  then 
but  a  very  fmall  Part  of  an  Arch  of  the  Bow  will 
be  feen  above  it ;  after  which  if  the  Sun  afeends 
but  a  little,  the  whole  Arch  or  Bow  will  va- 
nifh. 

If  Rain  paffes  over  the  Head  of  a  Spectator, 
who  is  in  the  Middle  of  a  Plane,  in  its  Progrefs 
many  Drops  will  adhere  to  Grafs  and  other  Plants, 

;  and  the  Legs  of  the  Bow  will  then  feem  to  cover 
i  a  large  Trafl.  For  the  Suns  Rays  are  as  well 
!  refracted  by  thefe  Drops,  and  under  the  fame  An- 
;  gle,  as  if  they  were  any  other  Part  of  the  l\>w, 
that  is  equididant  from  the  Spectator. 

I  .  /-  ■  :  ...  •  •  ••  ■ 
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Seeing  therefore  that  every  Part  of  a  Bow 
that  is  equidiflant  from  its  Extreams,  as  well  as 
the  Extreams  themfelves;  can  only  be  feen  under 
the  fame  Angles  ;  it  muft  neceffarily  follow,  that 
a  Bow  will  either  appear  to  move  before  a  Perfon 
who  goes  forward,  or  to  follow  one  who  goes- 
.  from  it. 

The  Colours  of  a  Bow  are  more  or  lefs  intenfe, 
as  the  Cloud  before  the  Spectator  is  more  or  lefs 
opaque. 

In  the  like  Manner  the  Lunar  Iris  may  be  ex¬ 
plained,  which  though  very  rare,  may  be  obferved 
about  the  full  of  the  Moon  when  it  rains ;  it  is 
plain  that  the  Colours  of  this  muft  be  as  much  fain- 
ter  than  thofe  of  the  Solar  Iris,  as  the  Rays  of 
the  Moon  are  fainter  than  thofe  of  the  Sun. 

We  have  fhewn  that  a  Bow  is  equally  broad 
quite  through  its  whole  Extent,  as  it  really  is ; 
notwithftanding  its  interior  Legs  appear  broader, 
and  its  Top  narrower :  And  hence  the  two  con¬ 
centric  Bows  feem  to  be  morediftant  at  their  Top, 
than  they  are  between  their  Legs:  but  this  is  only 
the  Imagination  of  the  Spectator. 

Halo's  or  Crowns  are  luminous  Circles,  fome- 
times  white,  and  fometimes  coloured  as  a  Rain¬ 
bow,  which  furround  the  Sun,  Moon,  Planets, 
and  fome  fixed  Stars;  of  which  one,  or  more 
concentric  to  it  is  feen:  Thofe  about  the.  Planets 
or  Stars,  or  even  about  the  Moon,  are  not  far  dis¬ 
tant  from  the  Bodies  themfelves,  their  Diameters 
being  from  2  to  5  Degrees;  but  thofe  about  the 
Sun  are  found  to  vary  in  their  Diameters  from  12 

to 
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to  90  Degrees.  The  Breadth  of  the  Rings  and 
their  Diameters  are  fubjeft  to  many  Changes. 

The  intermediate  Space  between  the  Luminary 
and  the  Crown,  is  always  of  a  lefs  Degree  of 
Brightnefs  than  the  Crown  or  Circle  itfelf ;  and 
the  Colours  of  the  Crown  are  more  faint  and  dilute 
than  thofe  ©f  a  Rain-bow,  and  fucceed  one  another 
in  a  different  Order  according  to  the  different 
Breadth  of  the  Crown.  In  thofe  Rings  Sir  Isaac 
Newton  obferved,  that  the  Colours  in  the  inters 
nal  Ring,  were  Blue  within,  White  in  the  Middle* 
and  Red  without  *  and  that  thofe  in  the  fecond 
Ring  were  Purple,  Blue,  Green,  Yellow,  Pale- 
red ;  and  that  thofe  in  the  third  Ring,  Pale-blue 
and  Pale-red. 

That  Part  of  the  Atmofphere  which  is  near  the 
Earth,  is  the  Caufe  of  thefe  Crowns.  For  our 
Minds  are  deceived  in  falfly  judging  or  fuppofing 
the  Crowns  to  be  about  the  Stars  themfelves9 
which  have  either  no  Atmofpheres,  or  fuch  as  are 
but  very  fmalJ  j  befides,  the  Crowns  are  feen  but 
by  a  few  Obfervers  at  once,  and  feldom  at  the 
Diflance  of  two  or  three  Miles ;  they  break  and 
difperfe  as  the  Wind  rifes,  and  are  only  collected 
in  calm  Weather  when  the  Air  is  ftagnant  and  flug- 
gifh,  and  when  the  Heaven  is  covered  with  a  thin 
Cloud. 

If  in  cold  Weather  we  make  a  fleam  of  hot 
Water  to  rife  between  the  Eye,  and  the  Flame 
of  a  Candle,  a  Kind  of  a  Crown  will  be  feen  in 
the  Steam.  Hence  it  is  feen  in  Baths  about  a 
Light.  If  Air  be  readmitted  into  a  Glafs  Receiver, 
and  a  Candle  be  fee  beyond  it,  a  Crown  will  be  feen 
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to  be  about  the  Flame  with  feveral  Colours  : 
Wherefore  Crowns  in  the  Heavens  are  produced 
after  the  fame  Manner  of  fonie  of  thefe  artificial 
ones. 

This  may  arife  either  from  Light  palling 
through  the  Particles  of  Vapours,  and  being  twice 
refradted  ;  or  by  Light  running  between  the  In¬ 
terfaces  of  Vapours,  and  being  infledled  by  the 
attracting  Forces,  are  thereby  feperated  into  Co¬ 
lours.  But  the  former  Caufe  fee  ms  to  be  the  more 
probable  of  the  two. 

Thefe  Crowns  are  neither  Prognoftics  of  Wind, 
Rain,  or  Storms  being  at  Hand,  as  Dodtor  Mufs- 
chenbroek  afferts  from  his  own  Obfervarions. 

Parhelii  or  Mock-funs  are  Meteors  which  refera¬ 
ble  the  Sun,  and  are  feen  with  it  and  near  it. 
Their  Number  varies,  for  from  one  to  fix  of  them 
have  been  feen  at  a  Time. 

The  Parhelii  feem  to  be  of  the  fame  Magnitude 
with  the  Sun,  but  they  are  not  always  round  ;  and 
though  they  fome times  feem  as  bright  as  the  Sun* 
yet  they  generally  are  more  faint,  and  if  there  are 
many  of  them  to  be  feen  at  one  Time,  fome  are 
more  dull  and  pale  than  others.  Their  Edges 
are  tinged  with  Colours  like  a  Rain-bow,  and 
many  of  them  have  a  long  Tail  of  a  fiery  Co¬ 
lour,  which  becomes  paler  as  its  Length  becomes 
greater*,  and  others  are  without  a  Tail,  or  have 
the  Tail  extended  in  a  white  horizontal  Circle. 

The  Parhelii  are  for  the  mod  Part  attended  by 
Halo’s  or  certain  Circles,  of  which  fome  have 
the  Colours  of  the  Rainbow,  and  others  are  white  , 
and  thefe  vary  both  in  Number  and  Magnitude, 

having 
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Having  the  fame  Breadth  and  apparent  DIametet 
of  the  Sun  :  And  thefe  are  fome  coloured  Circles* 
which  furround  the  Sun  itfelf,  that  is*  placed 
in  their  Center,  wliofe  Diameters  vary  from  45  td 
go  Degrees,  the  Planes  of  which  are  perpendi¬ 
cular  to  right  Lines  drawn  from  the  Spectator 
through  the  Center  of  the  Sun  i  therefore  their 
Situation  muft  vary,  according  as  the  Sun  is  high 
dr  low: 

The  more  lively  the  Colours  of  the  Parhelii 
appear,  the  more  languid  will  be  the  Light  of 
the  Sun:  There  are  befides  thefe  Circles,  others 
which  are  parallel  to  the  Horizon,1  of  which  thd 
external  one  that  Comprehends  all  the  reft,  as  Well 
as  all  the  Parhelii  is  white,  Hevelius  faw  one  of 
thefe,  whofe  Diameter  was  130  Degrees.  The 
other  Circles  which  were  concentric  to  this  large 
one,  were  here  and  there  tinged  as  they  palled 
over  the  former  coloured  ones.  Again  there  were 
alfo  other  Circles  fituated  obliquely,  in  refpefti 
to  thefe  $  fome  of  which  being  tinged,  had  the 
Order  of  their  Colours,  the  fame  as  in  the  Iris 
but  the  inward  Part  next  the  Sun,  is  of  the  red 
Colour: 

Parhelii  have  been  feeri  from  a  Quarter  to  an 
whole  Hour  or  two,  when  the  Elevation  of  the 
Sun  has  caufed  them  to  vanifh. 

Becaufe  that  the  coloured  Circles  or  Crowns,  which 
encompafs  the  Parhelii,  are  in  the  Air :  That  the 
Parhelii  never  appear  but  when  the  Heaven  is 
covered  with  a  thin  tranfpa-rent  Cloud :  That  iri 
as  much  as  the  more  lively  the  Colours  of  the 
Circles  are,  by  fa  much  the  Light  of  the  Sun  itfelf 
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is  diminifhed  :  That  finding  thefe  Parhelii  cannot 
be  feen  at  two  Places  that  are  but  of  a  very  fmall 
Di  fiance  at  the  fame  Time:  That  becaufe  they  are 
generally  obferved  in  Winter  when  there  is  Froft, 
and  the  Wind  at  or  near  the  North  :  And  that  when 
they  are  over,  either  Snow,  Hail  or  Rain  follows 
therefore  they  muft  be  only  in  the  Atmofphere 
of  the  Earth, 

Seeing  the  Parhelii  do  not  always  produce  the 
fame  Phcenomena,  their  Caufes  may  be  fimilar, 
though  they  may  not  be  exatftly  the  fame,  there¬ 
fore  we  flia  11  (hew  that  fomethinginuft  be  changed, 
when  Circumftances  vary.j 

Let  us  iuppofe  Spicula  or  Barts  of  Ice,  fufpend- 
ed  in  the  Air,  which  are  perfectly  fine  and  Cylin¬ 
drical,  and  let  thefe  begin  to  melt  before  the  Sun, 
fo  that  the  middle  Part  be  not  yet  melted,  and 
that  the  melted  Part  may  form  a  fmall  globular 
tranfparent  Drop,  at  the  Bottom  of  the  Dart, 
which  will  adhere  to  it  for  feme  Time,  and  caufe 
the  Dart  to  float  ere£t  in  the  Ain  Now  it  is  plain 
that  when  thefe  Darts  hang  before  the  Sun,  they 
muft  intercept  Part  of  its  Light,  and  therefore  he 
will  be  lefs  refplendent  than  in  a  clear  Air  $ 
and  Part  of  the  Suns  Rays  will  be  reflected  by, 
and  others  will  be  refradfed,  and  pafs  forwards 
through  them,  and  will  form  the  white  Circle 
before  defcribed,  in  that  Part  of  the  Atmofphere 
which  is  Horizontal  with  the  Sun. 

If  then  we  conceive  thefe  Spicula  in  the  white 
Circle,  it  1$  plain  that  many  Rays  will  be  tranf- 
mitted  to  a  Spectator  by  the  Spicula  that  are 
placed  between  him  and  the  Sun,  ancL  there  will 

be 
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be  a  certain  Place,  in  which  the  Spicula  will  fend 
the  refra<ffced  Light  to  the  Spedator  in  the  greated 
plenty.  This  occafions  a  Mock-fun  to  appear 
in  the  white  Circle  ;  which  may  be  reflected  by  the 
hinder  Part  of  the  Spicula,  and  be  feen  again  in 
the  white  Circle  &c .  and  fince  the  neighbouring 
Spicula  always  tranfmit  fo  much  the  lefs  Light, 
as  they  are  more  remote  from  the  Sun  *,  therefore 
a  fhining  Tail  will  feem  to  adhere  to  the  Parhelii, 
included  in  the  white  Circle.  And  becaufe  of  the 
lateral  Rays  that  are  refracted  into  Colours,  the 
Parhelii  and  their  Tails  will  be  feen  with  coloured 
Edges,  and  the  Tails  will  become  lead  refulgent  at 
their  Exrtemities. 

The  Parhelii  will  feem  to  be  in  Labour  and 
to  Joofe  their  Brightnefs  upon  the  lead  Motion  of 
the  Air.  He  that  is  defirous  to  be  fully  indrudled 
in  the  Theory  of  Crowns  and  Parhelii,  may  con- 
fult  Dr,  Smith9 s  Optics. 

Parafelen^e^  or  Mock-moons ,  alfo  appear  about  the 
Moon  with  like  Tails  and  coloured  Circles  as  now 
mentioned  in  the  Parhelii.  Their  Catife  without 
Doubt  is  analagous  to  that  of  the  Parhelii,  and 
their  Phenomena  may  be  explained  in  the  fame 
Manner. 


Virgce  or  luminous -Streams  feem  fometimes  to 
be  emitted  by  the  Sun,  through  the  Clouds, 
which  extend  in  a  conical  Form,  as  far  as  the 
Earth.  They  are  generally  feen  in  an  Afternoon 
after  hot  Weather.  They  (hew  themfelves  when 
the  Clouds  prevent  us  to  fee  the  Sun,  but  the 
thin  and  didant  Rays  are  directed  to  the  Earth, 
through  the  narrow  Interdices  of  Clouds,  Thefe 

Z  2  Rays 
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Rays  meet  the  afcending  Vapours,  and  being 
viewed  laterally  affeCt  the  Sight,  in  the  fame 

Manner,  as  when  the  Sun-Beams  are  admitted 

'f\  .  t  *  *  *  iji  ’  1  ‘t  V 

through  a  Hole  in  a  Window-fhutter,  into  a 
clofe  Room  ;  we  fee  feveral  Corpufcules  or  little 
Bodies  floating  up  and  down,  and  meeting  each 
other  in  all  manner  of  Directions.  But  when, 
thefe  Rays  which  are  thus  reflected  by  the  Corpuf¬ 
cules,  are  viewed  Tideways,  they  appear  in  the 
Form  of  Virg<e. 

Having  thus  explained  the  principal  of  the 
watry  Meteors, 
ones,’ 

t  ;  r . 


■i 

we  proceed  now  to  the  fiery 


CHA^. 
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CHAP,  VIII 


Of  fiery  Meteors  viz. 


pf  the  Aurora  Borealis ,  Ignis  Fatuus ,  Lam¬ 
bent  Fire,  Bolts,  Thunder,  and  Lightning 


&c. 


I  E  R  Y  Meteors  either  emit  a  faint  or  rather 


1/  a  fhining  Light,  or  they  dart  out  a  bright 
Light  and  burn.  To  the  firft  of  thefe  belong 
all  Species  of  the  Aurora  Boreales ,  and  to  the  latter 
Thunder,  Lightning,  and  fuch  like  ;  and  of  thefe 
in  their  Order. 

The  Aurora  Borealis  or  what  is  vulgarly  called 
1  the  flafhing  Northern  Lights  is  no  new  Meteor 
1  for  it  has  been  defcribed  by  Ariftotle,  Pliny ,  Seneca, 

;  and  others  after  them.  They  are  not  fo  frequent 
i  to  thofe  who  are  remote  from  the  North  Pole, 
;  as  to  others  nearer  to  it.  And  tho’  they  have 
1  not  always  the  fame  Appearances,  but  very  dif- 
1  ferent  ones,  yet  they  are  generally  in  this  Man- 


A  Cloud  is  found  to  appear  either  in  the  North 
:  or  in  the  North-Eaft,  or  North-Weft  Parts  of  the 
I  Heaven,  which  either  lies  in  the  Horizon  or  is  ele- 
f  vated  above  it  a  few  Degrees,  feldom  fo  high 
6  as  40;  or  elfe  the  Cloud  is  feperated  from  the 
Horizon,  fo  that  a  blue  Sky  can  be  feen  between. 
t  The  Length  the  Cloud  pofTeftes  is  very  variable. 


fometimes 


fometimes  taking  up  but  5  or  6  Degrees,  and 
again  extending  as  far  as  100  or  more. 

The  Cloud  we  here  mention  is  white,  and 
not  very  bright,  but  oftner  thick  and  dark :  It’s 
upper  Liqib  is  for  the  mo  ft  Part  parallel  to  the 
Horizon,  yet  it  is  fometimes  a  little  higher  in  the 
Middle  than  at  the  Sides.  Sometimes  to  the  up¬ 
per  Margin  of  the  black  Cloud  a  white  and  bright 
Limb  has  been  obferved  to  adhere,  that  is  concen¬ 
tric  to  it ;  and  this  lucid  Limb  has  been  obferved 
to  adhere  to  the  lower  Margin  of  the  black  Cloud, 
when  one  black  Cloud  was  higher  than  another. 
The  black  Part  has  been  obferved  to  change  into 
a  white  fhining  Cloud,  after  the  Aurora  has 
fliined  for  fome  Time,  and  has  thrown  out  many 
flafhing  Streams  y  and  it  then  has  returned  to  it3s 
former  Opacity.  And  though  the  Heaven  appears 
brighter  above  the  upper  Limb  of  the  Crown, 
yet  this  Brightnefs  is  foon  changed,  by  being 
either  increafed  or  diminifhed. 

From  the  upper  Limb,  more' or  lefs  Streams 
of  Light  are  emitted  near  one  another  which  are 
very  bright  and  fhining;  or  they  are  fhining  Jets 
of  Fire  that  become  rarer,  broader,  and  lefs  fhining, 
the  farther  they  proceed.  When  one  Jet  is  dying 
away,  another  iftues  out  of  the  fame  Limb,  which 
is  not  fo  bright,  fomething  like  Smoak.  This 
again  is  foon  followed  by  a  brighter,  which  in 
breaking  forth,  feems  to  be  choaked  or  interrupted 
by  fome  Impediment,  and  therefore  gufhes  out 
at  Intervals. 

This  luminous  Matter  is  exploded  with  great 
Rapidity,  and  often  increafes  flowly  by  Degrees 

with 
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with  an  equable  Motion,  and  becomes  the  wider, 
as  it  continues  to  rife  from  the  Aperture  in  the 
Cloud,  Some  Jets  continue  only  for  io  or  20 
Seconds,  and  others  for  4  or  5  Minutes ;  but 
this  is  not  ufual ;  nor  are  Streams  which  adhere 
to  the  Cloud,  with  a  wider  Bafe  and  mount  up¬ 
wards  in  a  conical  Form. 

There  are  Columns  which  cannot  be  feen  to 
iflfue  from  a  Limb,  and  therefore  feem  to  be  pro¬ 
duced  from  ferene  Air.  Some  Columns  are  per¬ 
pendicular  to  the  Horizon,  others  are  oblique, 
others  are  Arch -ways ;  and  their  Lengths  are 
very  different :  Some  fhoot  from  the  Cloud  with 
fo  great  a  Rapidity  as  to  carry  them  to  the  Zenith , 
or  Point  of  the  Heaven  which  is  over  us ;  and 
again,  others  with  a  Rapidity  ftill  greater,  which 
will  carry  them  far  beyond  the  Zenith,  almofl  to 
the  South.  They  do  not  always  afeend  to  the 
Zenith  directly  out  of  the  Cloud,  but  they  are 
inclined,  efpeciallv  if  an  illuminated  Cloud  be 
fuppended  in  the  Middle,  between  the  North  and 
the  Eaft,  or  Weft. 

The  lucid  Columns  contain  a  white  Light,  red- 
difh,  or  blood  Colour.  As  they  advance  the  Co¬ 
lours  change  fo  as  to  refemble  the  Iris.  When- 
feveral  which  are  emitted  from  different  Parts  of 
the  Limb  meet  in  the  Zenith,  they  mingle,  and 
form  a  pretty  thick  Cloud  or  Mift,  which  prefently 
taking  Fir©*  burns  furioufly,  and  fpreads  a  green, 
blue,  or  purple  Light.  New  Columns  foon  fol¬ 
low  thofe  that  went  before  and  vanifhsd,  and 
£0  me  times  they  will  defift  for  a  few  Minutes,  be¬ 
fore  new  ones  are  produced.*  The  lucid  Columns 
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are  fo  tranfparent,  that  Stars  of  the  firft  and  fecond 
Magnitude  are  feen  to  fhine  through  them  :  Indeed 
they  may  be  fometimes  feen  through  the  Limb 
of  a  white  Cloud*  but  very  feldom  through  a 
black  one.  No  fooner  feveral  Columns  are  dif- 
perfed  infenfibly  in  the  Sky*  but  others  often  break 
forth  in  thofe  Places,  where  the  former  ceafed. 
They  are  fometimes  carried  in  little  Clouds,  from 
North  to  South ;  therefore  after  the  Meteors 
ceafe,  great  Part  of  the  Sky  is  filled  with  thin 
Clouds. 

There  will  fometimes  iffue  from  a  Cloud  with 
great  Rapidity,  a  very  thin  fhining  Matter,  which 
will  not  obfcure  Stars  of  the  fixth  Magnitude. 
This  fhining  Matter  comes  by  Fits,  and  is  more 
opaque  in  afcending  than  in  defcending,  and  is 
thought  to  be  what  the  Antients  called  the  Capra 
Saltans  or  the  dancing  Goat ;  it  moves  in  a  very 
broad  Tra£t,  and  extends  itfelf  far  beyond  the 
Zenith,  Little  lucid  Clouds  have  been  feen  to 
break  from  the  Limb  of  the  fhining  Cloud,  and. 
have  been  carried  away  from  North  to  South,  with¬ 
out  any  Streams  of  Light. 

Ail  flafhing  Columns  do  not  feem  to  iffue  from 
a  Cloud  *,  for  when  the  whole  Horizon  is  fhining 
with  very  bright  Light,  fhort  lucid  Columns  will 
be  feen  to  rife  therefrom*  This  may  be  occafioned 
by  the  Cloud  which  is  the  Source  of  Light,  being 
fufpended  a  little  below  the  Horizon  ;  or  it  muit 
be  fo  fmall  and  thin,  that  it  cannot  be  perceived 
by  the  Eye* 

This  Meteor  fometimes  appears  for  a  Night* 
and  fometimes  for  two,  three,  or  more  Nights 

fucceuively* 
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fUcc£fiively.  It  has  been  dbferved  in  one  Place* 
and  has  not  been  feen  from  another,  of  but  a  few 
Miles  Diflance.  Sometimes  there  is  fo  great  a 
Quantity  of  it,  that  it  has  been  feen  almoft  ovef 
all  Europe  in  one  and  the  fame  Time  *  yet  in  diffe¬ 
rent  Countries  it  is  feen  with  very  different  Cir- 
cumftances;  Some  Aurora  are  but  of  a  few  Minute! 
continuance. 


»  •  •  ( 

The  Cloud  which  is  the  Sotirte  of  this  Meteor 


continues  unchanged  for  many  Hours,  and  neither 
feems  to  rife  above*  or  to  fall  towards  the  Horizon* 
yet  it  fometimes  moves  from  the  North  towards 
the  Eaft  or  Weft,  and  fometimes  from  the  North 
to  the  Eaft  and  Weft.  It  has  been  feen  to  afeend 
above  the  Horizon*  and  to  be  concerted  into  a 
White  fhining  Cloud; 

_  J  t  t  »<**-■*  • 

This  Aurora  does  not  forbOde  any  bad  Weather* 
Or  dire  Calamities*  as  it  is  vulgarly  fuppofed  to 
do  *,  for  upon  the  ftridteft  and  moft  critical  Ob- 
fervations,  neither  changes  of  Winds  or  of  Rains* 
of  Heat  or  of  Cold,  of  moift  or  of  dry*  either 
prefage  their  coming,  or  are  prefaged  by  it  *  nor  are 
they  the  Sign  of  Difeafes  or  of  Wars; 

That  the  Aurora  Borealis  is  in  the  Atmofp'her^' 
of  the  Earth,  may  be  thus  proved. 

Since  it  appears  in  the  form  of  a  Cloud,  which 

j  1  <"  ■  ’ 

is  like  the  other  Clouds  in  the  Atmofphere  \  fince 
the  flafhing  Cloud  continues  at  the  fame  Height 
above  the  Horizon  for  many  Hours  br  Days*,  and 
therefore  revolves  about  the  Earth’s  Axis*  together 
With  the  Earth  and  the  reft  of  the  Atmofphere  j 
and  iince  the  Aurora  is  hot  feed  in  two'  different 
Places  at  the  fame  Time,  which  are  but  a  few  Miles 

A  a  Di ftance 
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Diftance;  it  manifeftly  follows,  that  it  mufl:  be 
within  the  Atmofphere.of  the  Earth. 

The  Diftance  of  this  Meteor  from  the  Surface 
of  the  Earth,  has  not  yet  been  determined,  though 
often  attempted  by  very  good  Mathematicians. 
For  we  are  not  certain  that  it  is  the  lame  Light 
that  is  feen  from  different  Places  at  the  fame  Time; 
if  we  were,  by  having  the  different  Angles,  under 
which  the  Top  of  the  Cloud  is  feen  from  any  two 
Places  whofe  Diftance  is  known,  we  could  eafily 
determine  its  Diftance  from  either. 

Though  the  Matter  of  the  Aurora  is  a  Fire  of 
fuch  a  Nature,  as  to  produce  fo  clear  a  Light ; 
that  Stars  may  be  feen  through  it;  yet  who  can 
pretend  to  aftign  it’s  Nature  and  Properties  with 
fafety  ?  CHemifts  can  give  numberlefs  Specimens 
of  inflammable  and  Phofphorean  Matter;  and  Na¬ 
ture  has  fhut  up  many  others  in  the  Bowels  of  the 
Earth,  which  Art  cannot  arrive 

The  Matter  of  the  Aurora  leems  to  expire  from 
the  Bowels  of  the  Earth,  out  of  the  Northern 
Quarter  thereof:  They  have  been  more  frequent, 
and  have  been  found  to  extend  farther  than  before 
the  Year  1716 ;  for  it’s  Nutriment  may  have  found 
its  Way,  by  Means  of  an  Earthquake,  and  when 
this  is  confumed,  they  will  perhaps  ceafe  for  many 

This  perfpiring  Matter  afcends,  and  compoles  one 
or  more  Clouds,  which  are  carried  over  different 
Regions,  and  will  not  be  inflamed  till  it  meets 
with  other  Matter,  from  whence  a  hot  and  fiery J 
Effervefcence,  Steam,  or  Fume  arifes,  of  which  ma¬ 
ny  have  been  difcovered  by  Art.  If  then  a  Cloud 
^  f  /A?  ~  con  fill  ins 
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confilling  of  this  perfpirable  Matter,  be  carried 
from  the  North  whence  it  had  its  Being,  by  a 
Northerly  Wind  to  other  Diftant  Regions,  and 
there  meets  with  Exhalations,  with  which  it 
will  caufe  an  Effervefcence  ;  it  will  be  inflamed 
in  that  part:  Therefore  a  Spedlator  who  is  to  the 
South,  or  to  the  South- Eaft,  or  South- Well:,  of 
the  Effervefcence,  will  have  the  Light  to  the 
North,  or  to  the  North- Weft,  or  North  Eaft  of 
him,  burfting  forth  into  Streams  and  Columns 
varioufly  fituated  with  refpeft  of  the  Horizon, 
and  of  various  Colours  *,  as  different  Exhalations 
mingle  with  the  effervefcent  ones. 

The  Cloud  out  of  which  an  Aurora  rifes  may 
continue  immoveable  for  fome  rime  in  refpeft  to 
the  Horizon,  if  it  be  carried  with  an  equal 
Force  from  the  North  towards  the  South,  as  that 
with  which  the  Exhalations  are  carried  from  the 
South  towards.the. North.  And  many  of  its  Phe¬ 
nomena  feem  eafily  explicable,  from  Sources  which 
may  not  be  far  from  Truth.  Perhaps  the  Matter 
it  felf  by  falling  from  the  Sky,  may  furnifh  an 
Opportunity  for  Examination  ;  or  Art  may  pre¬ 
pare  fomething  like  it,  by  which  it  may  be 
known ;  or  its  native  Place  may  be  difcovered 
in  the  Surface  of  the  Earth.  The  Lak zjVeter 
in  Sweden,  fends  forth  a  Matter  not  unlike  it. 

A  fmall  fiery  Ball  refembling  a  Star,  and  of 
the  fame  apparent  Magnitude  is  often  feen  to 
00  move  through  the  Atmofphere  in  a  clear  Sky, 
and  to  fall  on  the  Earth ;  and  it  is  called  a  Shoot - 
ing-Star ,  or  a  Falling- Star. 

A?,  z  '  Thefe 
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Thefe  are  generally  obferved  in  Spring  and 
Autjimd  in  the  Night  only  ;  and  it  is  not  impro¬ 
bable  that  they  float  in  the  Atmofphere  and'  fall 
plfo  in  the  Day,  though  of  this  ‘  we  cannot  be 
certain,  on  account  that  the  Light  of  the  Day 
obfcures  them. 

They  are  feen  on  the  Earth  to  confift  or  a 
fliff  and  clammy  Matter,  or  a  waterifh  Colour 
Inclining  to  Yellow,  and  covered  with  black  Spots 
and  have  Points  on  their  Surface  fomething  refem- 

...  _  i  .  ..  I  A 

bling  jthefe  of  a  Mariners  Compafs •,  but  they  have 
fofl:  all  their  inflammable  Subftance,  which  when 
on  Fire  run  through  the  Trades  in  the  Atmofphere 
wherein  the  inflammable  Matter  floats. 

Thefe  Stars  may  be  imitated  by  Art,  thus.  F 
a  Ball  made  with  Catnphire,  Nitre,  and  earthy 
Mud,  macerated  with  'Spirits  of  Wine,  be  fee 
on  Fire  and  thrown  into  the  Air;  it  will  perfectly 
reprefent  a  Shooting-Star ,  with  a  like  remaining 

■*  — -  i  /  i  u  j  t  K 

tenacious  Dreg,  Many  other  like  inflammable 
Subfiances,  are  found  to  be  in  the  Atmofphere. 

There  is  a  Phenomenon  obferved  by  Sailors  at 
Sea,  which  is  called  Gaft  or  and  Pollux ;  it  is  a 

t  \  _  i  S  >  ,  t  ■  \  •  t  o 1,  j  {  . 

fmall  Flame,  which  adheres  to  the  Mafis  and 


Rigging!  Of  thefe  fometimes  two  or  three  may 
be  Teen  at  a  Time.  Many  Sea-faring  Perfons  are 
fo  weak,  as  to  think  that  one  of  thefe  only  is  a 
bad  Orpen,  but  that  two  are  propitious,  denoting 
that  the  Storm  will  ceafe.  Thefe  are  little  fhining 
Fifties.,  yhich  being  drove  up  with  the  Sprays 
of  the  Sea,  adhere  to  whatcyef  they  fall  on,  arid 

*  «  .  '  \  ’<■  ■  ■ . s  s.  t  w-  t h  '  ‘ 

fhere 
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Ignis  Fatui  or  Wandering  Fires  are  Phenomena, 
which  emit  Light,  refembling  that  of  Bundies 
pf  Sticks  fet  on  Fire,  they  are  of  a  round  Figure 
and  are  about  as  large  the  Flame  of  a  Candle, 
fometimes  they  yield  a  bright  Light,  at  other 
Times  they  are  more  obfcure,  and  of  a  purple 
Colour,  and  they  fhine  lead  when  they  are  at  the 
lead  Didance.  They  are  carried  through  the  Air 
not  far  from  the  Surface  of  the  Earth,  and  are 
mod  frequent  about  Places  that  are  undfuous, 
muddy,  marlhy,  and  about  Church  Yards,  and 
Dunghills.  They  are  feen  at  all  Sealons  of 
the  Year,  but  they  are  mod  confpicuous  on 
dark  Nights,  and  are  mod  frequent  in  Winter. 
Sometimes  they  vanifli  and  fuddenly  appear  in 
another  Place,  and  they  are  generally  about  fix 
Feet  from  the  Ground.  They  dilate  and  contract 
ij  themfelves  very  frequently,  and  move  on  in 
Waves,  with  Sparks  of  Fire,  but  burn  Nothing: 
They  fojlow  thofe  that  fhun  them,  and  fhun 
thofe  that  follow  them* 

Some  that  have  been  catched,  have  been  found 

,  V  '  '  *  * 

to  confid  of  a  fhining,  vifcous  Matter,  like  the 

i  >  > 

Spawn  of  Frogs,  not  hot  nor  burning,  but  only 
fhining;  fo  that  the  Matter  feems  to  be  Phofpho- 
rus,  which  is  raifedand  prepared  by  the  Heat  of  the 
Sun,  from  putrified  Plants,  and  Carcades ;  which 
being  condenfed  by  the  Cold  in  the  Evening,  then 
fhines. 

Thefe  Fires  have  been  faid  to  be  evil  Spirits, 
who  midead  Travellers  out  of  fpite,  to  plunge 
thtmfelves  into  Ditches  and  Bogs;  but  this  is 
hi  all  mere  Fi&iom 

...  $1  l  I  l  --  V  ;  V  v  }  i %  y. 
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Lambent  Fire  is  that  which  fometimes  adheres 
to  the  Hairs  of  Children,  to  adult  Perfons,  and 
to  the  Manes  of  Horfes,  efpecially  if  they  are 
well  combed, 

Thefe  Fires  are  a  real  Phofphorus,  fuch  as  is 
prepared  by  Art,  from  the  Parts  of  Animals. 
This  expiring  from  the  Body,  clings  to  the  Hair 
with  the  Sweat,  and  is  inflamed  by  rubbing 
or  combing  the  Hair.  Hence  fweaty  Workmen* 
or  foul  Linen,  will  fhine  by  rubbing. 

Sometimes  luminous  Tradls  appear  in  the  Air 
which  move  fuddenly  from  Place  to  Place,  which 
fome  imagine  to  be  a  Meteor.  But  this  arifes 
from  Flies,  which  fly  by  Companies  in  the  Night 
Time,  and  expire  a  phofphorean  Light  from  their 
Bodies. 

A  Bolts  is  a  great  fiery  Ball  which  is  hurried 
fwiftly  through  the  Air,  having  generally  a  Tail. 
Some  have  been  obferved  as  big  as  the  Moon, 
and  again  others,  which  were  but  equal  to  half  the 
Moon’s  Diameter,  illuminated  the  Earth  fo  ftrongly 
by  Night,  that  a  Perfon  could  fee  to  read  by  them  . 
One  of  thefe  as  big  as  the  Moon,  was  found  to 
enlighten  the  Earth  as  ftrongly  as  a  rifing  Sun 
does ;  and  in  it  there  appeared  to  be  four  Gulphs 
which  emitted  much  Smoke,  and  many  little 
burning  Flames  were  feen  on  the  Ball.  Its  Tail 
was  feven  Times  its  Diameter. 

When  Balls  of  this  Kind  vanifh,  a  little  Afh* 
Colour  fometimes  remains  behind  in  the  Air.  Some 
advance,  and  fome  few  appear  to  ftand  ftill,  yet 
they  all  ftiine  with  a  brighter  Light  than  thafcof 
the  Moon. 
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As  a  Bolis  palling  over  Places,  leaves  a  fmcll 
of  Sulphur  behind  ir,  we  may  reafonably  fuppofeit 
chiefly  to  confift  of  Sulphureous  and  other  inflamma¬ 
ble  Exhalations,  which  are  fet  on  Fire  by  meeting 
with  other  Exhalations.  The  Fluid  Matter  af~ 
fuming  a  globular  Form  by  being  in  tne  Fluid 
Air. 

Lightning  is  a  fudden  bright  Flame,  which 
extends  itfelf  every  Way  to  a  great  Diftance  in  a 
Moment. 

Lightning  is  feen  when  the  Sky  is  clear,  though 
not  fo  frequent  as  when  it  is  cloudy.  It  hap¬ 
pens  after  hot  Weather,  and  before  Thunder,  but 
this  generally  attends  it;  and  it  feldom  does 
Damage  to  any  Things  upon  the  Earth,  becaufe 
it  is  in  high  Air. 

The  Oil  of  Plants  being  attenuated  by  the  Sun’s 
Heat,  produces  Matter  for  this  Fire,  and  whatever 
elfe  that  is  fulphureous  or  oily,  which  is  difperfed 
through  the  Atmofphere,  and  is  fet  on  Fire  with 
it  by  Turns;  and  the  Flame  extends  itfelf  on  all 
Sides,  as  far  as  the  Exhalations  are  difperfed.  Some 
other  Kind  of  Subfiances  which  float  in  the  At¬ 
mofphere,  take  Fire  and  flafh  with  the  reft. 

Lhunder  is  a  moffc  bright  Flame  which  rifes 
fuddenly,  and  moves  with  a  mod  rapid  Velocity 
through  the  Air,  according  to  its  Determination. 
For  fometimes  it  runs  upwards,  again,  horizontally, 
obliquely,  downwards,  in  Curves,  in  right  Lines, 
or  in  ferpentine  Tracts,  and  commonly  ends 
with  a  loud  Noife  or  Ratling. 


thunder 
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! Thunder  is  fcldom  known  with  us  before  May? 
nor  does  it  continue  after  September-,  but  in  the 
intermediate  Months  June,  July ,  Auguft,  it  is  moft 
frequent.  It  comes  from  every  Quarter  ;  but 
moft  frequently  from  the  South  Wind,  and  then 
it  is  very  loud  ;  and  almoft  as  frequent  and  loud* 
when  the  Wind  blows  between  the  South  and  Eaft, 
or  between  the  South  and  Weft;  and  moft  feldom 
vWhen  the  Wind  blows  from  the  North*  or  from 
between  the  North  and  Eaft,  or  North  and  Weft* 
But  thefe  Circumftances  are  only  peculiar  to 
certain  Places. 

No  doubt,  Sulphur  is  the  principal  inflammatory 
Ingredient  in  the  Compofition  for  Thunder,  be- 
caufe  Places  that  have  been  ftruck  by  it  fmell 
ftrongiy  of  it.  The  Colour  of  the  Flame,  and 
the  cracking  and  roaring  Noife  that  follows  it* 
fhew,  that  it  cannot  be  Sulphur  only  ;  but  that 
it  muft  be  impregnated  with  fome  other  Exha¬ 
lations,  which  being  fet  on  Fire  explode  with 
a  Crack. 

Art  has  difeovered,  that  Idalfam  of  Sulphur  is 
of  the  fame  Nature,  when  agitated  by  too  much 
Fire  in  clofe  Vefleis,  and  then  caft  out.  Such 
are  Aurum  Fulminans ;  Orpiment ,  with  Nitre  and 
Salt  of  Tartar-,  Diaphoretic  Antimony ,  with  Black 
Soap ;  Pulvis  Fulminans ;  Iron  diftblved  in  Aqua- 
Regia,  and  mingled  with  Salt  of  Tartar  ;  Lead 
diftblved  in  Spirit  of  Nitre  &c. 

And  we  know  of  many  other  Thing?,  which 
being  fet  on  Fire  in  a  clofe  Place,  will  flafh 
with  a  Noife:  As  Gunpowder ,  Arfenic  digefted 
with  Spirit  of  Nitre ;  Geoffrey's  Spirit  of  Nitre 

mingled 
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fningled  with  any  diftilled  Oil ;  and  alfo  all 
Oils  and  Spirits  Which  are  forced  in  Gofe  Veffels 
by  too  Vehement  a  Fire. 

Nature  no  doiibt  rhakes  Ufe  of  rriany  other 


Exhalations  and  inflammable  Subftances  mingled 
with  Sulphur  to  produce  the  like  Effects  i  and 
therefore  all  Thunder  will  not  be  the  fame,  but 
will  differ  according  to  the  different  Exhalations 
in  different  Countries. 


»•*  % 

It  is  rrioft  certain  that  fulphureous  Steams  exude 
from  the  Earth  into  the  Atmofphere  with  other 
Exhalations  in  every  Country,  which  may  enter 
the  Compofition  of  Thunder.  Great  Plenty  of 
Salts  float  in  the  Air,  efpecially  the  Matrix  of 
Nitre,  and  they  impregnate  with  fulphureous  and 
other  Exhalations.  Thefe  whatever  they  are,  com- 
pofe  the  Matter  of  Thunder.  This  Matter  is  form. 
td  in  the  Interfaces  of  the  Atmofphere  in  T rafts 
or  Trains,  which  rUn  in  all  Manner  of  Directions  % 
fo  that  when  any  Part  of  a  Traft  or  a  Train 
takes  Fire,  the  Flafh  and  Flaflie  will  run  frorri 
one  Extream  to  the  other  of  that  Traft,  or  as 
far  as  the  Vein  of  Nou'rifhment  leads.  Hence 
the  Thunder  runs  at  one  Time  Horizontally* 
then  upwards,  obliquely,  downwards  and  in  all 
Manner  of  Directions  as  the  Train  happens  to 
lie.  If  a  Train  were  fet  on  Fife  at  its  Upward  End, 
the  Flame  will  move  downwards,-  and  the  Thun¬ 
der  will  feem  to  defeend  from  the  Sky. 

Thunder  therefore  is  ohferved  to  be  moft 
frequent  in  thofe  Places,  where  the  fulmineous  Mat¬ 
ter  expires  from  the  Ground,  yet  this  may  be  car¬ 
ried  to  other  Countries  by  the  Wind,  and  there 
x  B  b  take 
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take  Fire.  Hence  Thunder  is  much  more  frequent 
in  fome  Countries  than  in  others*  but  moft  fre¬ 
quent  in  the  hot  Countries,  whofe  Soil  is  parched 
up  by  the  Sun,  whence  various  Oils  and  much 
Sulphur  are  exhaled.  And  it  happens  but  feldom 
in  Places,  which  produce  neither  Oil  nor  Sulphur, 
or  in  Places  that  are  cold,  watry,  or  moift. 

The  Flame  which  begins  at  one  End  of  a  ful- 
mineous  Traffc,  in  running  through,  feems  to  carry 
with  it,  fome  Parts  which  could  not  readily  take 
Fire.  When  a  Quantity  of  thefe  are  accumulated 
they  will  in  fome  Time  take  Fire,  and  difplode 
with  great  Violence,  and  thus  the  Report  or  crak- 
ing  Noife  of  the  Thunder-clap  is  made ;  for  after 
the  Thunder  or  Flalh  is  ceafed,  the  Thunder-* 
clap  foon  takes  Fire. 

It  feems  probable  that  fome  accumulated  fulmi- 
neous  Matter  not  yet  on  Fire,  form  thofe  fiery 
Balls,  which  have  been  obferved  to  fall  on  the 
Earth  in  Places  that  have  been  Thunder-ftruck, 
For  thefe  have  heated  fo  afterwards,  as  to  take 
Fire  fuddenly  through  their  whole  Mafs,  and  by 
their  Difplofion  have  done  much  Mifchief,  and 
have  occafioned  great  Deflru&ion  and  Defolation 
about  them.  But  thefe  Balls  are  not  feen  every 
Time  it  thunders,  for  they  are  either  too  fmall 
or  too  far  off  to  be  always  feen,  and  the  Matter 
of  Thunder  is  different  to  it. 

Though  a  Thunder-clap  is  but  a  fmgle  Report,: 
yet  it  is  often  heard  for  20  or  30  Seconds,  with 
a  rumbling  muttering  Noife,  by  various  Repercuff 
fions  of  the  Clouds,  Hills,  and  other  Obfticles. 
Hence  in  Vales  there  are  long  continued  bellowing 

Thunder 
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Thunder-claps  ;  whereas  for  one  Explofion,  it  has 
been  obferved  that  there  is  but  one  Clap..  When 
more  fulmineous  Tradts  than  one  take  Fire,  each 
will  end  in  a  Clap,  and  thus  feveral  Sounds  may 
be  heard  together,  or  may  quickly  fucceed  each 
other. 

From  what  has  been  faid  we  may  perceive,, 

I. Why  it  may  fulminate  and  thunder  when  the  Sky 
is  clear,  though  this  feldom  happens,  yet  the  ful- 
phureous  Exhalations  may  always  take  Fire,  as  foon 
as  they  have  burft  out  of  the  Earth,  whether 
the  Sky  be  ferene  or  cloudy. 

2.  It  is  plain  that  Thunder  and  Thunder-claps 
are  not  always  generated  in  the  Clouds,  unlefs 
fulmineous  Exhalations  afcend  thither ;  for  Thun¬ 
der  has  been  feen  to  mount  from  the  Earth  in¬ 
to  the  Atmofphere.  And  the  burning  Mountain 
Vefuvius  has  been  feen  to  emit  Thunder;  and  fuch 
Fires  are  frequent  in  Mines,  particularly  in  thefe 
about  Whitehaven.  But  becaufe  Lightning  ini' 
mediately  follows  a  Thunder-clap,  it  is  plain,  the 
Noife  is  not  in  the  Clouds,  but  is  excited  in 
that  Place  where  the  Thunder  ceafcd.  This  is 
confirmed  by  the  fulmineous  Ball,  which  excites 
a  Thunder-clap  by  its  Explofion.  * 

3.  Before  it  begins  to  fulminate  and  thunder, 
the  Sky  is  generally  covered  with  black  Clouds, 
which  fly  in  all  Directions  before  the  Thunder 
begins,  as  alfo  during  the  Tempeft;  from  this 
Appearance  we  prefage  the  coming  of  Thunder. 
Thefe  arife  from  the  Eftervefcency,  when  they 
meet  with  the  fulmineous  Exhalations,  which 
expel  and  condenfe  the  fcattered  Vapours  in 

the 
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the  Interdices  of  the  Air,  into  thick  and  black 
Clouds  ;  and  when  thefe  are  more  compreded  by 
the  inflamed  Thunder,  they  are  thickened  into 
hard  Rain,  which  generally  attends  Thunder. 

4.  The  Difplofions  of  Thunder  repel  the  Air 

from  about  them  on  all  Sides,  with  great  Violence 
and  caufe  a  Vacuity,  into  which  the  Air  again 
rufhes  when  it  has  recovered  its  Eladicity.  Hence 
thofe  various  Winds  and  Storms,  which  ufually 
accompany  Thunder.  • 

5.  Meq  and  other  Animals  are  frequently  killed 
by  Thunder*,  either  through  Terror  or  dreadful 
Apprehenfions  which  feize  them*,  or  they  are 
fuffocated  by  the  Spirit  of  the  burning  Sulphur, 
which  is  a  mortal  Poifon  to  all  Animals ;  or  that 
the  Thunder  cauies  a  Vacuum  in  that  Place,  or 
at  lead  leaves  the  Air  in  it  too  thin  and  rare  for 

1 

Refpiration  |  or  perhaps  all  thefe  three  Caufes 
concur.  Animals  that  are  killed  by  Thunder, 
jiayq  fometimes  deadly  Wounds  and  Contufions3 
which  are  confpicuous,  but  the  Caufe  of  their 
Death  is  manifeft. 

6.  It  is  not  to  be  wondered  that  combudible 
Bodfes  are  fet  on  fire  by  Thunder;  fince  Thunder 
is  a  Flame  of  fulmineous  Matter.  That  it  fhould 
melt  Metals,  that  it  fhould  rend,  beat  down,  pull 
up,  and  cleave  -Bodies  of  any  Refiftance.  And 
Cnee  Exhalations  are  found  to  penetrate  through 
Wood,  Bricks,  Walls,  £s?c.  it  is  plain  that  Thun¬ 
der  being  .much  more  fubtile,  may  eafily  run 

-  through  Roofs, Ceilings,  Floors,  &c.  If  we  would 

'  *  >  *'  * 

know  how  far  we  'are  did^nt  from  the  Place  of 

it  K*  >'Sr  i  .  ■  <  1 1  <  i  rt!  VV  \  V  *  '•  <  ;  i  i  ,  <  :  , 
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Explofion,  this  is  eafily  done  by  what  is  laid  jn 
Page  ip 6. 

Thunder  and  Thunder-claps  purifie  the  Air  of 
its  noxious  inflammable  Exhalations.;  it  moderates 
the  Heat  of  the  Atmofphere,  and  the  Rain  that 
falls  at  that  Time,  is  thought  to  be  more  fertile 
than  other  Rain,. 

Earthquakes  are  produced  by  fome  fuch  Matter  as 
that  of  Thunder,  kindling  and  taking  Fire,  in  the 
Bowels  of  the  Earth,  where  there  is  little  or  no 
Vent,  which  milling  backwards  and  forwards, 
affedts  the  Earth  as  it  were  with  Oonvulflons,  and 
xaufes  fome  Parts  of  it  to  (hake. 

•  'i  «■  -v-  •  *  ■  ■ 

Something  refembling  an  Earthquake  may  be 
made  by  mixing  10  or  15  Pounds  of  Sulphur, 
and  as  much  Filings  of  Iron,  and  making  them 
into  a  Kind  of  Pafte  with  common  Water;  this 
being  buried  under  Ground,  will  in  8  or  10  Hours 
throw  out  a  Flame,  and  caufe  the  Earth  about 
it  to  fhake,  to  a  confiderable  Diftance. 

Hence  we  may  account  for  the  Fires  oF  Mount 
JEtna„  Vefuvius  and  other  Vulcano's\  for  it  is  not 
improbable  that  certain  metalline  and  fulphureous 
Particles  were  fet  on  Fire  under  thefe  Mountains, 

-*  s  *  j  -  '  1 

which  wanting  Vent .burft  forth,  and  continue  to  . 
'burn  fo  long  as  they  are  fupplied  with  Nourifhrnent. 
And  from  fuch  like  Caufes  proceeds  the  Heat  of 
Bath-water,  and  other  hot  Springs. 

What  has  been  already  Add  in  Pages  102,  103 
and- 1 04,  may  fuffice  for  Airy -meteors  or  Winds . 
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CHAP.  IX, 


The  Elements  of  Astronomy, 


STRONOMT  is  that  Science  which  ex- 


plains  the  Motions,  and  Phenomena  or  Ap¬ 
pearances,  of  the  heavenly  Bodies. 

The  Coper  mean  Syjtem  of  the  Univerfey  or 
that  which  is  generally  received,  by  the  lateft 
and  mofi  able  Afironomers ,  fuppofes  fix  opaque 
dark  fpherical  Bodies  called  Planets ,  which  have 
no  immediate  Light  of  their  own,  but  what  they 
borrow  from  the  Sun,  to  perform  their  Periods  round 
him  at  different  Diftances  and  in  different  Times  2 
The  Names  of  thefe  Planets,  and  the  Characters  by 
which  they  are  expreffed  are  thefe,  Mercury  Ve¬ 
nus  ? ,  the  Earth Q,  Mars  $  ,  Jupiter%y  and  Saturn  J? , 
Thefe  all  moye  round  the  Sun  in  Orbits  which  lie 
in  Planes  that  have  but  a  fmall  Inclination  to  each 
other,  and  thefe  Planes  cut  one  another  in  Lines, 
which  pafs  through  the  Center  of  the  Sun ;  there¬ 
fore  a  Spectator  in  the  Center  of  the  Sun  will  be 
in  the  Plane  of  each  of  their  Orbits,  and  will  fee 
them  revolving  round  him  and  performing  their 
Periods  from  Weft  to  Eaft  in  their  ftated  and 
appointed  Times,  according  to  the  Order  of  the 
Letters  ABCD,  in  fuch  a  Manner  as  they  are  re¬ 
prefen  ted  in  Fig  77. 


Where 
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Where  the  Sun  is  placed  in  the  Center  of  all 
their  Orbits,  and  next  to  him  is  the  Planet  Mercu¬ 
ry  $ ,  which  finifhes  his  Courfe  in  87  Days  or  about 
three  Months :  Venus  ?  being  next  in  Order,  per¬ 
forms  her  Period  in  224  Days  and  17  Hours,  or 
in  about  7 *  Months;  the  Planet  next  in  order 
beyond  the  Orbit  of  Venus  is  the  Earth  which 
performs  its  Circuit  in  365  Days,  5  Hours,  49 
Minutes,  or  in  a  Year :  Next  to  the  Earth  is  Mars$ 
who  takes  686  Days  and  23  Hours  or  about  2 
Years  to  compleat  his  Circulation ;  then  in  an  Or¬ 
bit  vaftly  extended  beyond  Mars ,  moves  Jupiter  % 
who  compleats  his  Period  in  4322  Days,  12 
Hours,  or  in  about  12  Years;  and  laftly,  Saturn % 
which  is  very  far  beyond  Jupiter,  compleats  his 
Revolution  in  10759  Days  and  7  Hours,  or  in 
about  30  Years-  Their  real  Diftances  from  the 
Sun  are  nearly  exprefted  in  the  Scheme. 

This  was  the  ancient  Syftem  which  was  intro¬ 
duced  into  Greece  by  Pythagoras  and  his  Difciples, 
who  had  learned  it  from  the  wife  Men  of  the  Kail. 
*Tis  true,  the  Ptolemaic  Syftem  which  fuppofes  the 
Earth  immoveable,  and  the  heavenly  Bodies  to 
revolve  about  it,  was  embraced  by  the  Vulgar 
and  illiterate  Part  of  Mankind,  yet  the  Philofo- 
phers  (till  retained  the  true  Syftem ;  till  Arifiotle 
and  fome  of  his  followers,  not  being  aquainted 
Ivith  true  Philofophy,  gave  way  to  the  vulgar 
Opinion  that  prevailed  in  favour  of  the  Ptolemaic 
Syftem :  So  that  the  ancient  Syftem  became  quite 
neglected  till  the  Time  of  Nicalaus  Copernicus , 
who  by  folid  Reafons  and  Arguments,  reftored  it 
to  a  more  fteuriftiing  State  than  ever*  from  the 

Jaws 
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Jaws  of  Death,  and  perpetual  Oblivion:  Whence' 
this  Syftem  is  called  the  Copernican  Syftem, 

Thefe  before  mentioned  Planets  Mercury ,  Venus? 
the  Earth ,  Mars ,  Jupiter  and  Saturn ,  are  called 
Primary  Planets ,  being  Hrft  difcovered  and  refpedf- 
ing  the  Sun  as  their  Center^  and  of  thefe  Mart? 
Jupiter  and  Saturn  are  called  Superior  Planets ,  be- 
caufe  their  Orbits  are  fuperior  to, -or  beyond  the 
Orbit  of  the  Earth  ;  but  Mercury  and  Venus  are 
called  Inferior  Planets ,  becaufe  th&ir  Orbits  are 
inferior  to  the  Earths  Orbit,  or  between  it  and  the 
Sun. 

After  the  Invention  of  Telefcopes,  the  Seconda¬ 
ry  Planets,  with  many  other  unthought  Appear¬ 
ances,  were  obferved  by  Afironomers ,  which  won¬ 
derfully  enlarged  the  ancient  Syftem,  and  con¬ 
firmed  it  by  invincible  Demonftrations. 

Thus  it  was  that  the  Secondary  Planets ,  Moons , 
or  Satellites  of  Saturn ,  and  Jupiter  were  found  al¬ 
ways  to  attend  and  revolve  about  their  Primaries, 
and  to  refpedl  them  as  their  Centers,  as  they  are 
carried  about  the  Sun,  juft  as  the  Moon  which, 
attends  and  revolves  about  the  Earth,  refpefts  it 
in  its  annual  Revolution  about  the  Sun,  in  about 
27  Days  and  7  Hours. 

Saturn  is  accompanied  with  no  lefs  than  five 
Satellites  or  Attendants,  which  at  different  Diftances 
move  round  him  in  different  Times :  The  Dif- 
tancd|jH)f  thefe  Bodies  from  Saturn ,  and  their  pe¬ 
riod  icln  Times  are  as  follow.  That  which  is 
innermoft  or  neareft  to  Saturn  is  41  of  his  Semi¬ 
diameters  from  him,  and  compleats  its  Revolution 
Sn  1  Day  zi  Hours  5  the  next  is  5-J  of  Saturn’s  Semi- 

diameters 
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Semidiameters  diflan t  from  the  Center,  and  defcribes 
its  Orbit  in  two  Days  and  17  Hours  the  third 
is  at  the  Diflance  of  8  Semidiameters  and  finifhes 
its  Revolution  in  4  Days  13  Hours;  the  fourtfi 
is  at  the  Diflance  of  18  Semi  diameters  from  Saturn, 
and  finifhes  its  Period  in  15  Days  22  Hours;  and 
.  the  fifth  and  outermoll  is  at  the  Diflance  of  54  So 
;  midiameters,  and  finifhes  it’s  Courfe  in  79  Days  8 
Hours,  ; 

Jupiter  has  four  Satellites,  which  move  round 
him  at  different  Diftances,  and  in  different  Times  % 
thus  the  firfi,  or  that  which  is  next  to  Jupiter  is  ac 
of  his  own  Diameters  from  his  Center,  and 
defcribes it9s  Orbit  in  1  Day  18  Hours;  the  fecond 
is  at  the  Diftance  of  4-  Diameters,  and  performs 
it*s  Period  in  3  Days  and  13  Hours  ;  the  third 
is  at  the  Diflance  or  y'J-  Diameters,  and  performs 
it’s  Circuit  in  7  Days  4  Hours  ;  and  the  fourth 
*and  lafl  is  at  the  Diflance  of  i2|  Diameters,  and 
compleats  it’s  Revolution  in  16  Days  18  Hours. 

Befides  thefe  Attendants,  Saturn  is  peculiarly  or¬ 
namented  with  a  Ring  which  furrounds  his  Mid¬ 
dle,  without  touching  his  Body,  the  Diameter  of 
■which  is  more  than  double  that  of  his  Body,  and 
though  the  thickneis  of  this  Ring  be  but  finally 
yet  the  Breadth  thereof  takes  up  half  the  Space 
that  is  between  it’s  outward  Surface  and  the  Body 
of  Saturn  \  the  Reft  of  the  Space  remaining  void  5 
fo  that  fometimes  we  can  fee  the  Heavens  between 
the  Ring  and  the  Body. 

Galileus ,  a  noble  Italian  Philofopher,  who  was 
the  firfi  inventor  of  Telefcopes,  was  by  their 
Help,  the  firfi  that  obferved  the  Satellites  of  Jupiter , 

C  c  and 
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and  called  them  Medician  Stars ,  in  honour  to  the 
Dukes  of  Fufcany  of  that  Name,  and  Mr.  Coftinz 
the  French  King’s  Aftronomer ,  firft  reached  all  the 
reft  that  have  been  fince  difcovered. 

Far  beyond  thefe  Planets  the  Heavens  are  deco¬ 
rated  and  befpangled  with  a  vaft  Multitude  of 
fixed  Stars,  which  are  fo  called,  becaufe  they  aU 
ways  keep  at  the  fame  Diftance  from  each  other : 
The  fixed  Stars  are  fuppofed  to  be  of  the  fame 
Matter  with  the  Sun,  and  to  be  made  for  the  fame 
Purpofes ;  that  is,  that  each  of  them  is  the  Center 
to  a  Syftem  of  Planets,  which  move  round  it; 
and  of  Courfe,  that  the  Number  of  Syftems, 
which  are  contained  in  the  Heavens,  are  infinitely 
more  in  Number  than  it  is  poftible  for  us  to  con¬ 
ceive. 

Fhe  foregoing  Sy/lem  proved  to  he  the  true  Syftem . 

The  firft  Thing  that  feems  neceffary  to  be  prov¬ 
ed  is,  that  the  inferior  Planets  Mercury  and  Venus 
revolve  about  the  Sun,  and  that  they  are  contained 
within  the  Orbit  of  the  Earth , 

Fig.  78.  Let  S  reprefent  the  Sun,  E  the  Earth,  and 
let  NGFH  reprefent  the  Orbit  of  Venus ;  if  Venus 
be  at  F,  fhe  will  appear  to  a  Spectator  on  the 
Earth,  to  have  a  full  round  fhining  Face ;  becaufe 
that  half  of  her  which  is  illuminated  by  the  Sun’s 
Rays,  is  turned  to  the  Earth ;  and  therefore  when 
Venus  appears  full,  fhe  muft  neceftarily  be  beyond, 
or  above  the  Sun.  When  Venus  is  at  N,  her 
illuminated  Side  being  neceftarily  towards  the 
Sun,  leaves  the  darkened  Side  next  the  Earth, 

and. 
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and  then  fhe  difappears  .5  and  therefore  when  Venus 
difappears  fhe  muft  be  between  the  Sun  and  the 
Earth,  or  the  Sun  muft  be  beyond  or  above  her  » 
When  Venus  is  at  H  near  the  Place  of  her  Change* 
fhe  will  appear  like  an  horned  Moon,  and  when  fhe 
is  at  G,  fhe  will  appear  to  have  a  Gibbous  or 
humped  Form  ;  in  fhort  Venus  in  one  Revolution 
round  her  Orbit,  will  a  flu  me  all  the  Phafes  of  the 

Moon, 

• 

Mr.  Harrow  in  the  Year  1639  with  his  Telef- 
cope,  qbferved  Venus  upon  the  Difk  or  Face  of 
the  Sun ;  and  the  Phafes  of  Venus  may  eaflly  be 
feen  by  help  of  a  Telsfcope. 

Since  therefore  Venus  has  thofe  Appearances, 
that  is,  ftnee  fhe  has  a  fuperior  Conjundfion  with 
the  Sun  at  F,  an  inferior  Conjun&ion  with  him 
at  N,  fince  fhe  is,  horned  at  H  and  Gibbous  at  G, 
fhe  muft  neceflarily  move  round  the  Sun,  and  the 
Earth  muft  be  withoutfide  of  her  Orbit  ,  for  were 
the  Earth  withinflde  of  her  Orbit,  her  Appear¬ 
ances  would  be  very  different  from  what  they 
really  are,  for  fhe  would  then  never  appear 
horned. 

Befxdes  Venus  is  obferved  to  keep  always  near 
-  the  Sun,  for  fhe  is  never  found  to  be  above  45 
Degrees  from  him ;  fo  that  fhe  never  comes  in 
Oppofition  to  the  Sun,  or  to  be  feen  in  the  Eaftr 
when  the  Sun  is  in  the  Weft ,  nay  fhe  can  never 
arrive  at  a  quartile  Afpe<ft  with  him,  or  to  have 
one  fourth  Part  of  the  Heavens  between  them, 
which  muft  neceflarily  happen  if  fhe  moved 
round  the  Earth,  either  in  a  longer  or  fhorter 
Time  than  the  Sun, 
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Mercury  is  obferved  to  keep  nearer  the  Sun  than 
Venus,  and  never  to  recede  from  him  fomuch  as  fhe 
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does ;  from  his  Proximity  to  the  Sun,  he  is  ge¬ 
nerally  hid  in  the  Sun’s  Rays,  fo  that  he  is 
to  be  but  feldom  feen  5  he  has  been  obferved 
fmee  the  Invention  of  Telefcopes,  to  appear 
like  a  Spot  on  the  Suns  Difk.  The  extraordinary 
Brightnefs  by  which  Mercury  out- (bines  all  the  Pla¬ 
nets,  is  a  ftrong  Confirmation  that  he  is  neamr 
the  Sun  than  they  •  for  the  nearer  any  Body  is 
to  the  Sun,  the  more  it  mu  ft  be  illuftrated. 

Hence  it  is  evident  that  Mercury  moves  round 
the  Sun  in  an  Orbit  which  is  included  within  the 
Orbit  of  Venus . 

Having  now  fhewn  that  ~  Mercury  and  Venus  re¬ 
volve  about  the  Sun,  and  that  they  are  contained 
Vithin  the  Orbit  of  the  Earth  ;  we  will  next  pro¬ 
ceed  to  prove  that  the  fuperior  Planets  Mars ,  Ju¬ 
piter  and  Saturn  revolve  alfo  round  the  Sun,  and 
that  the  Earth’s  Orbit  is  contained  within  the  Or¬ 
bit  of  Mars . 

Fig.  79.  Let  S  reprefent  the  Sun,  E  the  Earth, 
and  the  Circle  ABCD  the  Orbit  of  Mars%  it  is 
plain  that  when  Mars  is  at  A  or  at  C,  that  his  en¬ 
lightened  Hemifphere  is  turned  towards  the  Earth, 
and  fo  he  muft  fhine  with  a  full  Face,  upon  the 
Inhabitants  of  the  Earth  \  but  at  B  and  at  D  he 
will  appear  a  little  Gibbous  or  not  quite  full.  Be- 
fides  when  Mars  is  feen  at  C  or  in  Oppofition  to 
the  Earth,  he  appears  to  be  almoft  feven  Times 
larger  in  Diameter  than  when  he  is  at  A  or  in 
Conjunction  with  the  Sun,  and  therefore  he  muft 
be  almoft  feven  Times  nearer  the  Earth  in  one 

Pofition 
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Pofition  than  in  the  other:  Hence  it  is  plain,  fhat 
not  only  the  Earth  lies  within  the  Orbit  of  Mars , 
but  that  it  h  far  removed  from  the  Center  of  his 
Orbit;  therefore  it  cannot  refpeft  the  Earth  as 
a  Center,  but  the  Sun  ;  for  by  this  Hypothefis  only, 
the  Phenomena  of  Mars  can  be  accounted  for. 

In  the  fame  Manner  we  account  for  the  Appear¬ 
ances  of  Jupiter  and  Saturn,  tho5  the  Proportion 
of  the  Difference  of  the  Di (lances  in  Jupiter  be¬ 
tween  the  Earth,  and  he  when  in  Oppofition,  is 
not  fo  great  as  between  Mars  and  the  Earth,  when 
they  are  alfoin  Oppofition  ;  now  did  Mars  as  well 
as  Jupiter  and  Saturn  refpedl  the  Earth  asj  a  Center, 
they  would  feem  to  move  uniformly  and  regularly 
round  their  Orbits;  but  they  do  not  feem  to  move 
regularly,  but  to  be  fometimes  (low  in  their  Mo¬ 
tion,  at  other  Times  quicker,  and  fometimes  to 
(land  (till,  and  at  other  Times  to  move  backwards, 
which  could  never  happen,  if  they  refpe&ed  the 
Earth  as  a  Center,  as  will  be  more  fully  and  par¬ 
ticularly  explained  hereafter;  but  upon  fuppofing 
or  making  the  Sun  their  Center,  all  thefe  Pheno¬ 
mena  can  readily  be  accounted  for. 

All  that  now  remains  to  be  proved  is,  that  the 
Earth  moves  round  the  Sun,  as  the  reft  have  been 
proved  to  do. 

We  have  demonftrated  that  the  Earth  is  with¬ 
out  the  Orbit  of  Venus ,  and  within  that  of  Mars ; 
from  whence  it  will  follow,  that  the  Earth  re  < 
valves  about  the  Sun  ;  for  if  it  flood  dill,  feeing 
it  lies  within  the  Orbits  of  the  fuperior  Planets 
Mars,  Jupiter  and  Saturn,  their  Motions  might 
appear  to  be  unequal  and  irregular,  but  they 

would 
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would  never  appear  to  move  backwards,  or  to 
{land  ftill ;  which  may  be  eafily  conceived  by  the 
help  of  the  Scheme.  And  as  the  Earth  lies  between 
Venus  and  Mars ,  fo  is  its  Period  round  the  Sun 
is  alfo  between  the  Periods  of  Venus  and  Mars% 
as  being  greater  than  the  one  and  lefs  than  the 
other  5  whence  we  have  Reafon  to  conclude  that 
the  Earth  moves  round  the  Sun. 

Common  Obfervations  convince  us,  that  either 
the  Earth  moves  about  the  Sun,  or  the  Sun  about 
the  Earth,  in  fuch  a  Manner  as  to  defcribe  equal 
Areas  in  equal  Times :  But  Sir  Isaac  Newton  has 
demonftrated,  that  whenever  Bodies  are  regulated 
by  that  Law,  the  one  muft  gravitate  the  other  y 
and  therefore  if  the  Sun  in  its  Motion,  gravitates 
the  Earth,  Action  and  Reaction  being  equal  and 
contrary,  the  Earth  muft  alfo  gravitate  the  Sun  : 
He  has  alfo  demonftrated  that  when  two  Bodies, 
gravitate  each  other,  without  dire£Hy  approaching 
each  other  in  Right  Lines,  they  muft  both  of  them 
move  round  their  common  Center  of  Gravity  •, 
therefore  the  Sun  and  Earth,  turn  round  their  com¬ 
mon  Center  of  Gravity.  But  the  Earth  being 
only  as  a  Point  when  compared  to  the  Sun,  their 
common  Center  of  Gravity  will  not  only  fail  with¬ 
in  the  Suns  Center,  but  very  near  it :  The  Earth 
therefore  turns  round  a  Point,  that  is  within  the 
Body  of  the  Sun,  and  therefore  turns  round  the 
Sun.  This  phyfical  Argument  is  looked  upon  to 
be  unanfwerable. 

By  comparing  the  Periods  of  the  Planets,  and 
their  Diftances  from  the  Sun  to  each  other  we 
find,  that  the  nearer  any  Planet  is  to  the  Sun  the 
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fooner  does  it  revolve  through  it's  Orbit,  and  it’s 
Motion  is  the  quicker ;  this  Obfervation  no  doubt, 
fet  the  fagacious  Kepler  upon  invcftigating  his  great 
Law  of  Nature,  concerning  the  primary  Planets, 
viz.  That  the  Squares  of  their  periodical  Times ,  are 
as  the  Cubes  of  their  Diftances  from  the  Sun ;  and 
though,  he  found  this  Law  to  obtain  in  the  primary 
Planets  only,  yet  Afironomers  found  that  the  fecon- 
dary  Planets  were  regulated  in  their  Periods  and 
Diftances  from  the  primary  ones  they  refpedled, 
5y  the  fame  immutable  Law. 

It  is  not  eafy  to  conceive  how  Kepler  hit  upon 
this  Law;  for  though  he  difcovered  it  to  obtain, 
yet  he  was  unable  to  demon  ftrate  it’s  proper  Caufe, 
or  to  deduce  the  plnyfical  neceflity  of  fuch  a  Law  \ 
this  Tafk  was  referved  for  the  great  Sir  Isaac 
Newton,  who  has  demonftrated,  that  without 
a  total  SubverfioR  of  the  Laws  of  Nature,  no  other 
Rule  could  take  Place. 

Were  the  Sun  to  revolve  about  the  Earth,  this 
univerfal  Law  would  thereby  be  violated,  the 
Harmony  and  Proportion  of  the  Motions  deftroy- 
ed,  and  the  whole  Frame  of  the  Earth  be  rendered 
an  Heap  of  Confufion  and  Diforder  •,  but  by  the 
Earth’s  Motion  round  the  Sun,  a  perfect  Harmo¬ 
ny  is  preferved  through  the  whole  Frame  of  Na- 
ture. 

Of  the  Rotation  of  the  Sun  and  Fianets 

round  their  Axes, 

If  the  Sun  were  equally  bright  in  all  it’s  Parts’^ 
i  it  would  be  importable  to  perceive  that  it  had 

suiy 
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any  Motion  round  its  Axis  \  but  from  the  Motiori 
of  certain  black  Spots  that  are  on  his  Difk  or 
Face,  the  Rotation  round  his  Axis*  has  been  dis¬ 
covered  to  be  performed  in  25  Days ;  thus  a  cer¬ 
tain  Spot  has  been  obferved  to  appear  on  his  weftern 
Margin,  and  by  Degrees  to  creep  near  the  middle 
or  center  of  the  Difk,  and  fo  on,  to  the  eaftern 
Margin,  where  it  has  fet  or  difappeared  in  1 2|  Days, 
and  in  124  Days  more*  the  Spot  has  been  found 
again  to  appear  on  its  weflern  Limb. 

If  the  Motion  of  the  folar  Spots  from  IVeft  £6 
Eafi ,  feemed  to  defcribe  right  Lines,  we  might 
conclude  that  the  Sun  s  Axis  would  be  perpendi¬ 
cular  to  the  Plane  of  the  Earth' s  Orbit ,  which  is 
called  the  Plane  of  the  Ecliptic :  Now  fince  the 
Spots  do  not  feem  to  defcribe  right,  but  curved 
Lines,  therefore  the  Sun's  Axis  is  not  perpendicular 
to  the  Plane  of  the  Ecliptic ,  but  deviates  from  a 
Perpendicular  thereto,  in  an  Angle  of  about  feven 
Degrees. 

Jupiter ,  Mars  and  Venus  have  alfo  remarkable 
Spots  upon  them,  when  looked  at  through  a  Te- 
lefcope;  and  it  is  by  the  Motions  of  thefe  Spots, 
as  with  thofe  of  the  Sun,  we  conclude  that  they 
revolve  round  their  Axes:  By  this  Means  Venus 
is  found  to  perform  her  Revolution  about  her  Axis 
in  23  Hours:  Mars  performs  his  Rotation  about 
his  Axis  in  24  Hours  and  40  Minutes.  The  Earth 
in  a  Day,  which  we  are  confirmed  in,  by  the  ap* 
parent  Revolution  of  the  fixed  Stars  about  it  in 
that  Time. 

Jupiter ,  befides  having  many  Spots  on  his  Difk, 
feem$  |o  be  circumfcribed  with  certain  Zones, 

Belts, 
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Belts,  or  Girdles,  which  are  parallel  to  each  other  j 
yet  their  Diftaoces  from  each  other  are  found 
fometimes  to  recede,  and  at  other  Times  to  ap* 
proach.  In  the  Year  1665  Mr.  Cajjini  difcovered 
a  large  Spot  on  the  Difk  of  Jupiter ,  by  which  he 
found  that  Jupiter  revolved  round  his  Axis  in  ni'ne 
Hours  and  56  Minutes*  or  nearly  in  10  Hours. 

Whether  either  Mercury ,  or  Saturn  revolve 
round  their  Axes  is  uncertain  \  becaufe  the  former 
is  fo  hid  by  the  Sun’s  Rays,  and  the  latter  is  fo 
remote,  that  the  Spots  if  any,  upon  either,  are 
not  to  be  difcovered:  Yet  we  may  probably  com 
elude,  that  they  as  well  as  the  other  Planets,  move 
round  their  Axes,  in  order  that  all  Parts  of  their 
Surface  may  be  cherilhsd  with  the  Suris  Rays, 

Of  the  annual  and  diurnal  Motions  of  the 
Earth ,  whereby  the  Seafons  of  the  Year, 
the  Vicijjitudes  of  Day  and  Night ,  and  the 
reft  of  the  celeftial  Phenomena,  which  arife 
from  the  apparen^Motion  of  the  Sun,  are 
fully  explained, 

-St 

Having  taken  a  eurfory  View  of  the  Univerfe , 
it  will  here  be.  neceffary  to  confider  the  Earth's 
Motion  more  particularly. 

Fig-  80.  Let  S  reprefe-nc  the  Suit,  A  BCD  the 
Orbit  of  the  Earth ,  Let  the  Surface  of  the  Paper 
reprefent  the  Plane  of  the  Ecliptic ,  or  that  Plane 
on  which  the.  Earth  moves,  and  let  be 

the  Heaven  of  the  fixed  Stars-,  then  if  we  fuppofe 
&  Spedfator  to  be  placed  in  S  the  Center  of  the 

D  d  Sun 


lot 


A  COURSE  of 

Sun,  and  thence  to  view  the  Earth  in  the  Point 
A  of  its  Orbit,  it  is  manifeft  that  it  mu  ft  appear 
to  him  to  be  at  the  fixed  Star  Y>  and  while  the 
Earth  is  moving  from  the  Point  A  to  the  Point  B 
of  its  Orbit,  that  it  muft  appear  to  him  to  have 
moved  through  the  fixed  Stars  y  8  n  and  that 
it  is  now  arrived  at  the  Star  ®  ♦,  and  while  it  is 
moving  from  B  to  C,  that  it  muft  appear  to  have 
palled  by  the  fixed  Stars  3  SI  m  and  fo  to  £- ; 
in  moving  from  C  to  D,  it  feems  to  pafs  by 
£3  ^  ^and  fo  toy?-,  and  in  moving  from  D  to  A,  it 
feems  to  pafs  by  yp  ss  X  and  fo  to  y* 

Now  let  the  Spe£tator  be  removed  from  th tSun 
to  the  Earth  ;  then  its  plain  when  the  Earth  is  in 
the  Point  A  of  its  Orbit,  that  the  Obferver  will 
fee  the  Sun  S  in  the  oppofite  Point  of  the  Heavens 
at  the  fixed  Star  s£;  and  that  while  the  Earth  is 
moving  in  iPs  Orbit  from  A  to  B,  that  the  Sun 
will  appear  to  have  moved  from  a  through  tn  and 
$  and  fo  to  vs;  alfo  while  the  Earth  is  moving 
from  B  to  C,  the  Sun  will  appear  to  have  moved 
from^p  through  andx  and  fo  to  T  and  in  like 
Manner  while  the  Earth  moves  from  C  to  D  and 
fo  to  A,  the  Sun  wdi  appear  to  have  moved  thro9 
the  Stars  Y  #  n  5o  $\  tt£  and  fo  to  Therefore 
the  Sun  to  an  Inhabitant  of  the  Earthy  will  ap¬ 
pear  to  pafs  over  the  fame  fixed  Stars ,  and  in  the 
fame  Order  from  Weft  to  Eaft>  as  the  Earth  muft 
appear  to  have  palled  over  if  viewed  from  the 
Sun. 

Hence  arifes  the  apparent  Motion  of  the  Sun 
from  Weft  to  Eaft ;  thus,  if  a  Star  be  found  to 
rife  with  the  Sun,  a  few  days  after  it  will  rife  be¬ 
fore 
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fore  the  Sun ;  and  a  Star  which  is  near  the  Sun's 
Path  wilJ  be  found  to  be  a  little  above  the  Hori¬ 
zon  after  S'un-fetting ,  but  in  fome  Time  after,  if 
will  fer  with  the  Sun. 

In  i'ke  Manner  if  the  Sun  were  viewed  from  any 
of  the  <  ther  I  Janets,  it  would  feem  to  move  from 
Weft  to  Eafi\  and  to  defcribe  the  lame  Orbit  in  the 
Heavens,  or  to  pais  by  the  fame  fixed  S tars,  that 
the  Planet  would  appear  to  do  to  an  Obferver  in 
the  Sun . 

If  the  Plane  of  the  Earths  Orbit  ABCD  be  con¬ 
ceived  to  extend  to  the  Heavens,  it  will  there  lay 
out  the  Ecliptic  v  2*  VS  ©r  that  Circle  which  the 
Sun  appears  to  defcribe  in  a  Year  if  viewed  from 
the  Earthy  cr  that  the  Earth  would  appear  to  def¬ 
ense  if  viewed  from  the  Sun. 

Adronomers ,  have  divided  ,  this  Circle  into  1% 
equal  Parts  called  Signs,  which  they  have  named 
after  the  Conftellacions  which  were  then  near 
them  ;  fo  that  each  Sign  contains  the  12th  Part 
of  360,  or  30  Degrees. 

The  Characters  and  Names  by  which  the  Signs 
are  exprefTed,  are  thefe. 

Y  ¥  yr  S'  SI  trj*  ^ 

Aries ,  Taurus ,  Gemini a  Cancer ,  Leoy  Virg®y  Libra* 

n  t  y?  x 

Scorpio ,  Sagittarius ,  Capricornus ,  Aquarius ,  Pifces . 

Befides  this  annual  Motion  of  the  Earth ,  it  has 
alfo  a  diurnal  Motion,  or  one  in  24  Hours  from 
Weft  to  Eaft  ;  The  two  Points  where  the  Axis  meets 
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the  Surface  of  the  Earth  are  called  it?s  Poles ;  and 
if  the  Axis  be  continued  to  the  Heavens  it  wilj 
there  point  out  the  Celeftial  Poles :  Every  Point 
on  the  Earth's  Surface  except  the  Poles  will  de* 
fcribe  a  Circle  ;  and  that  Circle  which  is  defcibed 
by  a  Point  that  is  equally  diftant  from  the  Poles , 
is  a  great  Circle  called  the  Equator  or  Equinoctial 
Circle  \  but  thofe  Circles  which  are  defcribed  by 
any  other  Points  nearer  to  the  Poles  are  leflef 
Circles,  and  are  called  Parallels  of  Latitude. 

If  a  Plane,  which  touches  that  Part  of  the  Earth 
where  a  Spectator  ftands,  be  continued  on  all  Sides 
to  the  Heavens ;  it  will  there  mark  out  a  Circle 
that  is  called  the  Senfible  Horizon,  which  will  le¬ 
per  ate  the  Vifible  from  the  Invifible  part  of  the 
Isleavens;  but  if  a  Plane  palling  through  the 
Earth's  Center  parallel  to  the  fenfible  Horizon, 
be  continued  on  all  Sides  to  the  Heavens,  it  will 
there  mark  out  a  Circle  which  is  called  the  Rational 
Horizon .  But  though  thefe  two  Circles  are  diftant 
from  eaoh  other  by  the  Earth's  Semidiameter, 
yet  in  the  Heavens  they  may  be  faid  to  coincide, 
in  as  much  as,  that  Semidiameter  is  but  a  Point 
in  Comparifon  of  the  great  Di fiance  of  the  Hea¬ 
vens* 

Since  the  Earth  turns  upon  it9s  Axis 'from  Weft 
to  Eajl)  a  Spectator  on  iPs  Surface,  muft  be  car¬ 
ried  the  fame  way  ^  therefore  all  heavenly  Bodies 
which  are  beneath  the  eaftern  Edge  of  the  Horizon 
will  become  Vifible  in  as  much  as  the  Plane  of 
the  Horizon  fubfides,  being  carried  to  the  Eaft- 
ward  with  the  Obferver:  and  all  heavenly  Bodies* 
which  are  feen  above  the  v/eftern  Edge  of  the 
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Horizon ,  will  become  invifible,  becaufe  that  part 
of  the  plane  of  the  Horizon  will  Rife  as  the  Earth 
is  carried  Eaftward-ly,  Hence  it  is  that  all  the 
Heavenly  Bodies  feem  to  move  from  Eajl  to 
Weft  and  to  defcribe  a  greater  or  a  lefler  Circle, 
except  thefe  Points  that  are  the  Celeftial  Poles. 

If  the  Plane  of  the  Earth* s  Equator  coincided 
with  the  Plane  of  the  Ecliptic ,  then  the  Earth* s 
Axis  would  be  perpendicular  to  both  Planes,  and 
in  that  Cafe  the  Sun  s  Rays  would  enlighten  one? 
half  of  the  Earth  from  Pole  to  Pole,  while  the 
other  half  would  remain  in  darknefs.  fo  that  one 
half  of  each  parallel  Circle  on  the  Earth* s  Surface 
muft  be  always  enlightened,  and  the  other  half 
mu  ft  remain  dark  ;  and  therefore  by  the  Earth*  % 
Verticity,  all  it*s  Inhabitants  would  have  a  conftant 
Equallity  of  Day  and  Night,  or  12  Hours  each; 
and  at  the  Poles  they  would  have  half  the  Sun% 
Body  conftantly  appearing  to  move  round  their 
Horizon'.  Seeing  then  that  the  Days  and  Nights 
are  not  equal,  the  Axis  of  the  Earth  is  not  per¬ 
pendicular  to  the  Plane  of  the  Ecliptic ,  but  it  is 
inclined  thereto,  at  an  Angle  of  66|  Degrees,  and 
confequently  the  Plane  of  the  Equator  muft  be  in¬ 
clined  to  that  of  the  Ecliptic ,  at  an  Angle  of 
23!  Degrees,  the  Complement  of  the  former. 
The  Earth's  Axis  alfo  in  it’s  annual  Motion  round 
the  Sun  keeps  always  parallel  to  it  felf;  that  is,  if 
a  Line  be  drawn  parallel  to  the  Axis  while  it  is 
in  any  one  Pofuion,  the  Axis  will  be  always  parallel 
to  that  Line  in  whatever  Part  of  it’s  Orbit  it  be  ; 
at  leaft  for  a  Year  or  two,  the  difference  is  in- 
fenfible  :  And  this  muft  neceffarily  be,  if  the  Earth 

had 
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had  no  other  Motion  than  it’s  annual  ProgreJ/tve om 
round  the  Sun,  and  its  diurna^one  round  it’s  Axis. 

Fig.  8 1.  For  let  PEpQ  be  any  fpherica!  Body 
whole  Center  moves  along  the  Line  AB,  and  while 
It  is  at  A  let  it’s  Axis  Pp  be  inclined  to  the  Line 
AB.  Now  it’s  plain  if  the  Body  by  it’s  progref- 
five  Motion  only,  were  carried  to  B,  that  it’s  Axis 
will  dill  be  parallel  to  it’s  former  Pofition, 
while  at  A  *,  and  if  the  fame  Body  be  fuppofed 
to  move  continually  about  it’s  Axis,  though  all  the 
Parts  of  it’s  Surface  except  the  foies  will  change 
their  Situations,  yet  the  Inclination  of  the  Axis 
can  never  be  didurbed  thereby. 

Since  the  Plane  of  the  Equator  is  inclined  to 
that  of  the  Ecliptic  at  an  Angle  of  2  Degrees* 
they  mud  cut  one  another  in  a  Right  Line,  palling 
through  the  Centers  of  the  Sun  and  Earth  \  which 
right  Line  or  common  Section  will  remain  paral¬ 
lel  to  it  felf,  becaufe  that  the  Earth's  Axis  pre^ 
ferves  a  Parallelifm,  and  that  the  fame  right  Line  is* 
always  inclined  to  the  Axis  of  the  Earth  at  the  fame 
Angle.  And  that  Circle  upon  the  Earth's  Surface 
which  is  made  by  the  Interfe&ion  of  the  two  Planes, 
will  point  out  the  Path  of  the  Sun  in  his  annual 
Motion. 

If  a  perpendicular  Line  be  drawn  from  the  Cem 
ter  of  the  Sun  to  the  Plane  of  the  Ecliptic ,  and 
if  it  be  continued  on  both  Sides  to  the  Heavens  5 
this  Line  .will  be  the  Axis,  and  it’s  Extremities 
will  be  the  Poles  of  the  Ecliptic . 

That  great  Circle  which  pafies  through  the 
celedial  Poles ,  and  the  Points  of  Interfe£fion  of 
the  Equator  and  Ecliptic  is  called  the  Equinoctial 
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Colure ;  and  that  other  great  Circle  which  is  at 
right  Angles  with  it,  is  called  the  Solftitial  Cohr 4 
and  this  will  be  found  to  pafs  through  thofe  Points 
where  the  Equator  and  Ecliptic  are  wideft  afunder  t 
The  four  Points  in  which  thefe  Colures  cut  the 
Ecliptic ,  are  called  the  four  Cardinal  points ,  be- 
caufe  when  the  is  feen  in  them,  he  dctentiine* 
the  four  Seafons  of  the  Year:  The  Points  of  In^- 
terfe&ion  of  the  Equinoctial  Colure  with  the  Eclip¬ 
tic,  are  called  Equinoctial  Points  5  becaufe  when 
the  Sun  is  in  either  of  them*  all  the  Inhabitants 
of  the  Earth  enjoy  equal  Day  and  Night:  And 
the  Points  of  iRterfedlion  of  the  Solftitial  Coltiri 
with  the  Ecliptic,  are  called  Solftitial  Points  \  be* 
caufe  when  the  Sun  is  in  either  of  them,  he  is 
then  at  his  greateft  Diftance  from  the  Equator ,  and 
feems  to  (land  before  he  begins  to  return  again. 

To  explain  the  Phenomena  or  Appearances  that 
arife  from  the  Earth’s  annual  Motion  round  the 
"Sun,  we  fuppofe  the  Spectator  to  be  far  "removed 
without  the  Earth’s  Orbit*  fo'  as  to  obferve  all 
thofe  Appearances  which  we  here  give  a  perfpec- 
tive  View  of:  Thus,  Fig.  82.  let  S  reprefent  the 
Sun,  the  Earth’s  Orbit  on  the  Plane  of 

the  Ecliptic ;  through  S  let  the  Line  S  &  be 
drawn  parallel  to  the  common  Interfe&ion  of  the 
Ecliptic  and  Equator ,  and  to  it  at  right  Ang!es} 
Set  the  Line  S  VS  be  drawn  \  then  it3s  plain, 
when  the  Earth  is  in  the  Point  — ,  that  the  Line 
S^s  connecting  the  Centers  of  the  Sun  and  Earth 
will  coincide  with  the  common  Interfe&ion  of 
the  Ecliptic  and  Equator ,  and  fo  lie  in  the  plane 
of  the  Equator 5  and  therefore  will  be  perpendicular 

to 
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to  the  Earth's  Axis  *,  but  the  fame  Line  is  perpen¬ 
dicular  to  the  Circle  that  bounds  Light  and  Dark- 
nefs,  and  therefore  the  Axis  of  the  Earth  will  be 
in  the  Plane  of  that  Circle,  and  fo  it  will  pafs 
through  the  Poles  of  the  Earth ,  and  cut  the  Equator 
and  all  it’s  Parallels  into  equal  Parts.  Alfo  the 
Sun  will  appear  in  the  oppofite  Point  of  it’s  Orbit 
atY  or  in  ^  S  produced,  that  is,  in  the  Plane  of 
the  Equator ;  and  confequently  will  defcribe  the 
Celeftial  Equator  by  it’s  apparent  daily  Motion, 
And  fince  in  this  Pofition  of  the  Earth  the  Sun  will 
enlighten  it  from  Pole  to  Pole,  fo  by  it’s  Verticity, 
all  Perfons  on  it’s  Surface  will  enjoy  equal  Day  and 
Night ;  and  hence  the  Circle  which  the  Sun  feems 
to  defcribe,  that  Day  is  called  the  Equinoctial 
Circle. 

The  Earth  by  it’s  annual  Motion  being  carried 
through  the  Signs  m  the  Line  interfering 
the  Planes  of  the  Ecliptic  and  Equator ,  remaining  al¬ 
ways  parallel  to  it  felf,  cannot  now  pafs  through  the 
Sun ;  but  when  the  Earth  has  arrived  at  Yp  it  will 
make  a  right  Angle  with  Sy?,  which  connects  the 
Centers  of  the  Sun  and  Earth'.  And  feeing  the 
faid  Line  Sy$  is  not  in  the  Plane  of  the  Equator , 
but  in  that  of  the  Ecliptic ,  the  Angle  Pvs  S,  which 
the  Axis  of  the  Earth  Ps  makes  with  it,  will  be 
an  acute  Angle  of  66|  Degrees,  or  the  like  Num¬ 
ber  of  Degrees  that  the  Earth' s  Axis  is  inclined 
to  the  Plane  of  the  Ecliptic.  Let  the  Angle  S vjpB 
be  a  right  Angle,  then  the  Circle  bounding  Light 
and  Darknefs  will  pafs  through  B,  and  the  Arch 
BP  will  be  23!  Degrees,  the  Complement  of  PC, 
or  of  the  Angle  PyyS.  Through  the  Center  yp 

let 
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let  EQ  be  drawn  perpendicular  to  the  Axis  Ps^ 
and  it  will  be  in  the  Plane  of  the  Equator  $  then 
if  from  equal  Arches  or  Quadrants  PE  and  BC5- 
the  common  Arch  PC  be  taken,  there  will  remain 
CE  equal  to  PB  equal  to  23d  Degrees.  Make  Eg 
equal  to  EC,  and  to  the Equator  through  C  and  c* 
let  the  parallel  Circles  CD,  cd  be  drawn  *,  the 
firft  is  called  the  Tropic  of  Cancer ,  and  the  other 
the  Tropic  of  Capricorn,  and  the  Circle  in  the 
Heavens  which  is  concentric  to  CD  is  called  the 


Celefiial  Tropic  of  Cancer,  becaufe  the  Sun  appears 
to  be  then  in  He.  When  the  Earth  is  in  this 
Situation,  the  Circle  a,  bounding  Light  and 
.  Darknefs,  will  pafs-  2 3 k  Degrees  beyond  the  North 
Pole  P,  eras  far  as  B,  and  confequently  the  South 
Pole  muft  be  fo  far  from  a,,  in  the  darkened  He- 
milphere  :  To  the  Equator  let  the  parallel  Circles 
BA,  ab,  be  drawn  through  the  Points  B  and  a,  and 
theie  are  called  Polar  Circles  ;  that  towards  the 
North  is  called  the  Artie  Circle ,  and  the  other 
that  is  towards-  the  South,  is  called  the  Antartio 
Circle.  * 

Now  fince  the  Earth  moves  abodt  its  Axis  Ps,  it 
is  plain  that  thofe  Inhabitants  of  it,  who  live  with¬ 
in  the  Artie  Circle ■  AB,  will  at  that  Time,  have  com 
tinual  Day;  and  on  the  contrary,  thole  Inhabi¬ 
tants,  if  any,  who  live  within  the  Ant ar tic  Circle 
ab,  will  then  have  continual  Night.  Alfo  that 
fuch  as  live  under  the  Propic  of  Cancer,  or  on  the 
Parallel  CD,  will  have  the  Sun  Vertical  to  them, 

A 

n  when  any  particular  Place  in  that  Parallel  comes  to 
A  Pie  Meridian  at  C ,  and  feeing  all  the  Parallels  be¬ 
tween  the  Equator  and  Ce  Artie  Circle  are  cut 
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by-the  Circle  bounding  Light  and  Darknefs,  into 
unequal  Portions,  leaving  a  greater  Portion  of 
every  Parallel  in  the  Light,  than  in  the  Darknefs  -y 
therefore  the  Inhabitants  in  the  Northern  Hemif- 
fhere  will  then  have  their  Days  at  the  longeft,  and 
to  them  the  Seafon  of  the  Year  will  be  Summer; 
but  on  the  contrary,  thofe  in  the  Southern  Hemif- 
phere,  will  have  their  Nights  at  the  longeft,  and 
to  them  it  will  be  the  Winter  Seafon  *,  and  it  is 
eafy  to  conceive  that  according  as  one  Place  is 
more  on  the  North  fide  of  the  Equator  than  ano¬ 
ther,  that  the  Day  will  be  longer  in  the  former 
than  in  the  latter  Place  ;  and  feeing  that  none 
of  the  Parallels,  but  the  Equator  only,  is  cut  equal¬ 
ly  by  the  Circle  bounding  Light  and  Darknefs,, 
therefore  it  is  only  thofe  Inhabitants  who  live  in 
the  Equator ,  that  have  their  Days  and  Nights 
equal  throughout  the  Year. 

The  Earth  being  (till  carried  forward  in  its  Or¬ 
bit  from  yp  by  and  yt  to  Y,  in  which  Time  the 
Sun  wifi  feem  to  move  through  the  Signs  ^ 
and  by  Degrees  to  return  again  towards  the  Equa¬ 
tor ;  and  the  Earth  being  arrived  at  T,  the  Sun 
will  appear  to  be  at  &  ;  where  the  common  In¬ 
ter  fedt  ion  of  the  Ecliptic  and  Equator  ftill  remaining 
paiallel  to  the  Line  p~3y,  will  pafs  through  the 
Center  of  the  Sun,  and  then  the  Sun  will  appear 
in  the  celeftiai  Equator.  And  therefore  the  Day 
and  Night  will  again  be  equal  to  all  the  Inhabi¬ 
tants  of  the  Earth,  in  the  fame  Way  as  when  the 
Earth  was  at^a,  for  in  this  Situation  the  Circle 
bounding  Light  and  Darknefs*  will  again  pafs 
through  the  two  Poles a 
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The  Earth  moving  on  through  the  Signs  Y^ir, 
the  Sun  will  appear  to  move  through  gra¬ 

dually  declining  from  the  Equator  towards  the 
South  ;  fo  that  when  the  Earth  has  arrived  at  So ,  the 
Sun  will  appear  to  be  at  yp.  And  becaufe  the  Axis 
of  the  Earth  preferves  it’s  Parallelifm,  the  Earth 
Will  have  the  fame  Appearance  in  refpedt  to  the 
Sun ,  that  it  had  when  it  was  inyy  ;  but  with  this 
Difference,  that  the  TraCt  within  the  Polar  Circle 
AB,  which  was  in  continual  Light  when  the  Earth 
was  atXP,  is  by  it’s  being  remov’d  to  05  in  con¬ 
tinual  Darknefs,  and  all  that  Part  within  the  Polar 
Circle  ab,  that  before  was  in  continual  Darknefs, 
is  now  in  continual  Light  *,  alfo  fuch  as  live  under 
the  Tropic  of  Capricorn  or  on  the  Parallel  cd  will 
have  the  Sun  Vertical  to  them,  when  any  particular 
Place  in  that  parallel,  comes  to  the  Meridian  at  d; 
and  thofe  in  the  Southern  Hemifphere  will  have  their 
Days  at  the  longed,  but  thofe  in  the  Northern  Her 
mifphere  will  have  their  Nights  at  the  longed ; 
therefore  it  will  then  be  Summer  to  the  former, 
and  Winter  to  the  latter:  And  the  further  any 
Place  is  to  the  South,  the  Day  will  be  longer,  be¬ 
caufe  the  Circle  bounding  Light  and  Darknefs, 
leaves  a  greater  Portion  of  every  Parallel  in  the 
Southern  Hemifphere  in  Light,  than  in  Darknefs  \ 
and  fince  the  Equator  is  only  .bifedfed  by"  that  .Cir¬ 
cle,  the  Inhabitants  who  live  in  it,  are  thofe  that 
only  have  their  Days  and  Nights  equal  as  be¬ 
fore. 

All  we  have  faid  will  be  much  more  evident 
than  it  is  poffible  for  Words  to  exprefs,  from  a 
bare  View  of  the  Orrery ,  by  a  Lamp  being  fixed 
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as  the  Sun  in  it’s  Center  $  or  in  Lieu  thereof,  if 
a  Candle  be  lighted  in  a  dark  Room,  and  fixed  irj 
the  Center  of  a  round  Table,  and  if  we  take  a 
fmall  Globe  of  Ivory,  of  about  one  or  two  Inches 
in  Diameter,  on  which  the  Poles ,  ' Tropics ,  Polar 
Circles ,  and  ,the  Equator  are  marked  and  laid  out, 
and  if  we  carry  it  with  it’s  Axis  inclined  to  the 
3 able ,  or  to  the  Plane  of  the  Ecliptic  in  an  Angle 
of  66  ‘  Degrees ;  the  Phenomena  before  fee  forth, 
will  very  abundantly  appear. 

By  the  fame  Way  of  reafoning,  the  Phenomena. 
arifng  from  the  Circuit  of  any  other  Planet  that 
turns  round  it’s  Axis.,  may  be  eafily  accounted 
for. 

If  a  Line  paffing  through  the  Center  of  the  Sun 
perpendicular  to  the  Plane  of  the  Ecliptic ,  be  con¬ 
tinued  to  the  Heavens  both  Ways,  it  will  there 
point  out  the  CcsLftiql  Poles  as  before.  Now  if 
great  Circles  are  fuppo fed  to  pafs  through  thefe 
Poles  by  every  Star  or  Planet ,  thefe  Circles  which 
are  palled  Secondaries  of  the  Ecliptic ,  will  be.  ad 
perpendicular  to  the  Plane  of  the  Ecliptic  ;  and  on 
thepn  is  meafure.d  the  Latitude  of  any  heavenly 
Body,  or  ips  Diftance  from  the  Plane  of  the  Eclip¬ 
tic,  which  will  be  North  or  South ,  as  it  lies  on  the 
one  or  the  other  Side  of  the  Ecliptic:  Affo  an  Arch 
of  the  Ecliptic ,  which  is  contained  between  the 
Pointy,  and  the  Secondary  paffing  through  the  Bo. 
dy  ;  will  be  the  Longitude  of  that  Body.  And  if 
there  be  Circles  (u pooled  to  pafs  Trough  every 
Place,  or  Spot  on  the  Earth's  Surface  from  Pole  to 
Pole ,  fuch  Circles  are  called  Meridians  :  LTpon  the 
one  of  thefe  Circles  that  paffics  through  any  given 
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Place,  is  the  Latitude  of  that  Place  meafured  from 
the  Equator ;  and  its  Longitude  is  an  Arch  of  the 
Equator,  intercepted  fometimes  between  a  Meridian 
pa  (Ting  through  any  particular  Metropolis ,  from 
whence  their  Inhabitants  are  pleafed  to  count  their 
Longitude ,  or  fometimes  from  the  Meridian  paD 
fing  through  the  Point  Aries  ,  where  the  Equator 
and  Ecliptic  firft  interfedl  each  other,  and  the  Me¬ 
ridian  paffing  through  the  Place. 

tig.  83.  Since  the  Earth's  Axis  retains  its  Pa¬ 
ra]  lei  ifm,  it  is  plain,  that  when  the  Earth  is  at  dif¬ 
ferent  Points  in  its  Orbit,  its  Axis  mull  point  to¬ 
wards  different  fixed  Stars ;  thus  if  the  Earth  be 
at  A,  and  it’s  Axis  points  to  the  Axed  Star  E, 
when  it  has  arrived  to  the  oppofite  Part  of  it’s 
Orbit  at  B,  it’s  Axis  will  not  point  to  the  fame 
fixed  Star  E,  but  to  fome, other  as  F,  and  the  An¬ 
gle  EBF  which  we  fuppofe  poffibSe  to  be  mea¬ 
fured  though  not  very  accurately,  will  be  equal 
to  the  Angle  AEB,  and  this  Angle  under  which 
the  Diameter  of  the  great  Orbit  of  the  Earth  is 
fee n  from  the  fixed  Star  E,  is  called  the  Parallax  of 
the  great  Orbit .  Now  were  there  Inftrutnents 
nice  enough  to  meafure  this  Angle  with  great  cer¬ 
tainty,  as  in  Effedl  there  are  not  ;  we  could  eafily 
find  the  Diftance  of  the  Star  E  from  the  Earth  ; 
for  we  have  in  the  Triangle  ABE,  the  Angle  EAB 
the  vifible  Diftance  of  the  Sun  from  the  Pole>  the 
Angle  of  the  Parallax  of  the  great  Orbit  E,  and 
AB  the  Diameter  of  the  great  Orbit  given,  and 
thence  by  trigonometry  AE  or  EB  may  be  eafily 
found.  Now  if  we  fuppofe  the  Parallax  of  the 
great  Orbit  Vi ith  Mr,  Flamftead  to  be  4a  Seconds, 
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and  if  an  Error  be  committed  in  Obfervation 
of  10  or  12  Seconds,  and  no  Man  can  be  fure  he 
has  not  committed  that  Error ;  the  Diftance  of 
the  fixed  Star  thereby  remains  uncertain, 

Of  the  Precejfion  of  the  Equinoxes , 

Having  hitherto  fuppofed  the  Parallelifm  of  the 
Earth's  Axis  as  immutable,  and  that  the  Earth  had 
been  affected  with  no  other  Motions,  than  it’s 
annual  one  round  the  Sun ,  and  its  diurnal  one  round 
it5s  Axis,  Yet  Aftronomers  from  many  Years  ,Ob- 
fervations  have  found,  that  the  Axis  of  the  Earth 
deviated  about  one  Degree  to  the  Weft  in  72  Years 
from  it*s  Parallelifm,  but  that  it  ft  ill  preferves  its 
Inclination  of  66\  Degrees  to  the  Plane  of  the 
Ecliptic ;  and  though  this  flow  Mutation  of  the 
Earth's  Axis  can  by  no  Means  difturb  the  Pheno¬ 
mena  already  explained  in  a  few  Years,  yet  in  a 
Century  or  two  it  becomes  very  remarkable.  Thus, 

Fig.  84.  Let  the  Line  DCH  reprefent  a  Portion 
of  the  Earth's,  Orbit ;  from  the  Center  of  the  Earth 
C,  let  the  Line  CE  be  drawn  perpendicular  to 
the  Plane  of  the  Ecliptic  meeting  the  concave  Sur¬ 
face  of  the  Heavens  in  E:  This  Line  CE  will  be 
the  Axis  of  the  Ecliptic ,  and  E  the  Pole  of  it.  f 
Let  the  Axis  of  the  Earth  Cp  be  continued  to  the 
Heavens ;  then  P  will  be  the  Pole  about  which 
the  Heavens  will  feem  to  revolve  :  Let  a  great 
Circle  EPA  pafs  through  the  Poles  E  and  P  and  be 
continued  to  meet  the  Ecliptic  in  A,  it  will  cut 
it  perpendicularly,  and  the  Arch  PA  will  be  the 
Meafure  of  the  Angle  PCH*  which  is  the  Inclina¬ 
tion 
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lion  of  the  Earths  Axis  to  the  Plane  of  the  Eclip¬ 
tic. ,  that  is,  it  will  be  664  Degrees,  and  therefore 
its  Complement  EP  will  be  234  Degrees,  and  will 
be  the  Meafure  of  the  Angle  ECP,  that  the  Axes 
of  the  Ecliptic  and  Equator  make  with  each  other. 
Let  then  the  Pole  P  or  Line  CP  be  carried  Circu¬ 
larly  from  Raft  to  Weft  about  the  Center  C,  fo  as 
that  it  may  conftantly  as  it  moves  round,  through 
PQFG,  be  inclined  to  the  Plane  of  the  Ecliptic 
in  an  Angle  of  664  Degrees  *,  by  this  Means  the 
Axis  PC  delcribes  the  Convex  Surface  of  a  Cone, 
of  which  C  is  the  Vertex ,  and  the  Point  P  the 
Circle  of  its  Bafe,  which  Circle  is  not  compleated 
in  lefs  than  25920  Years;  after  which  Time,  the 
Pole  having  left  a  Star  at  P,  will  again  return  to  it ; 
and  this  is  truly  the  Nature  of  the  Motion  of  the 
Pole  backwards  ;  for  if  it  were  not  endued  with 
this  Motion,  but  that  the  Axis  of  the  Earth  re- 
^  rained  the  fame  Direction  ;  the  Pole  of  the  Hea¬ 
vens  would  be  found  to  be  conftantly  in  the  Point 
P  ;  but  we  find  that  Pole  does  as  conftantly  change 
it’s  Place  towards  the  Weft,  fo  that  in  72  Years  it 
will  proceed  one  Degree  Weftwardly  from  its  Si¬ 
tuation  at  P  to  Q,  and  BQ^will  be  664  Degrees, 
and  thus  by  Degrees  it  will  pafs  through  every 
Part  of  the  Circle  PQFGP,  making  PA,QB,FC, 
CG,  equally  inclining  to  the  Plane  of  the  Ecliptic 
in  an  Angle  of  664?  Degrees.  fiance  in  half  the 
Period  of  the  Polar  Revolution,  or  whilft  the  Pole 
paftes  from  P  to  G,  a  Star  which  had  been  at  F 
will  in  12960  Years  be  47  or  twice  234  Degrees 
diftant  from  it. 


Since 
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Since  the  Earth's  Axis  changes  its  Situation  by 
moving  backwards  *,  this  backward  Motion  muft 
be  communicated  to  the  Whole,  and  occafion 
every  Point  on  the  Earths  Surface,  alfo  to  move 
backwards  or  towards  the  Weft;  The  Equinoctial 
Points  of  the  Earth,  do  therefore  move  continually 
backwards  or  towards  the  Weft,  and  thereby  will 
occafion  tfte  Ceieftial  Equinoctial  Points  with 
which  they  coincided,  to  proceed  forward  in  Con- 
fequentia ,  or  according  to  the  Order  of  the  Signs 
or  fixed  Stars  towards  the  Eaft,  and  this  is  called 
the  Preceffion  of  the  Equinoxes. 

Hence  it  is  that  the  Stars  which  compofe  Con- 
ftellations  have  changed  their  Places  fince  they 
were  obferved  by  the  firft  Aftronomers\  thus,  the 
Conftellation  of  the  Ram,  which  in  the  Time  of 
Hipparchus ,  was  nearly  oppofite  to  the  Equinoctial 
Point  AriesY?  is  now  removed  a  whole  Sign  towards 
the  Eafty  and  is  marked  upon  Ceieftial  Globes  to 
be  in  the  Sign  or  Portion  of  the  Ecliptic ,  Pawns'#  *, 
in  like  manner,  Paurus  now  refidesin  Gemini h,  Ge¬ 
mini  in  Cancer  ;  and  fo  every  Conftellation  has 
changed  its  Place  fince  the  firft  Obfervation :  But 
though  the  Conftellations  or  Images  have  left 
their  Places,  yet  the  twelve  Portions  of  the  Ecliptic 
which  are  called  Dodecatimoria  (till  retain  the  fame 
Names,  which  they  had  in  the  Time  of  Hippar¬ 
chus :  And  to  cfiftinguifti  them  from  Starry  Signs 
or  Conftellations.  they  are  called  Anaftrous  Signs, 
or  Signs  without  Stars. 

The  phyfical  Caufe  for#  the  Preceffion  of  the 
Equinoxes  was  unknown,  untill  Sir  Isaac  Newton 
di  {covered  that  it  arofe  from  the  oblate  Spheriodical 
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Figure  of  the  Earth  ;  and  that  the  Figure  of  the 
Earth  arifes  from  the  Rotation  of  the  Earth  round 
it’s  Axis. 

Though  the  Period  of  the  Earth's  annual  Mo¬ 
tion,  is  always  performed  in  the  lame  Time  $ 
yet  the  Earth  in  palling  along  its  Orbit  does  not 
move  uniformly  ;  for  if  it  did,  the  Sun  would 
appear  to  move  alfo  uniformly  }  but  the  Suns  ap¬ 
parent  Motion  being  irregular,  the  Earth's  Motion 
mull  be  fo  too  ;  for  be  is  found  to  be  eight  Days 
longer  paffing  through  the  Northern  Signs,-  than 
through  the  Southern  ones,  and  therefore  the 
Summer  is  eight  Days  longer  than  the  Winter: 
And  the  Sun's  apparent  Diameter  in  Winter  being 
greater  than  in  Summer ;  it  therefore  follows* 
that  the  Sun  muff  be  farther  from  us  in  Summer 
than  in  Winter.  In  the  Winter  it  is  feen  under 
an  Angle  of  32  Minutes  47  Seconds,  and  in  Sum¬ 
mer,  under  an  Angle  of  31  Minutes  and  40  Se¬ 
conds. 

From  hence  it  Is  plain,  that  the  Earth's  Orbit 
is  not  a  Circle  with  the  Sun  in  it’s  Center:  And 
the  great  Kepler  from  the  Obfervatrons  of  the 
induflrious  Tycho  Brahe  by  unanfwerable  Reafons 
has  Ihewn  that  the  Oi  bit,  of  not  only  the  Earth, 
but  that  of  every  Planet  mud  be  an  E'Uipfe  and 
not  a  Circle  •,  and  that  the  Sun  is  not  in  the  Center 
of  the  Elliptical  Orbit,  but  in  one  of  the  Foci 
0r  Points  upon  which  it  is  defcribed,  as  at  S.  Fig- 
35.  The  longed  Diameter  or  the  Axis  of  the 
Ellipfe  AP  is  called  the  Line  of  the  Apfides  \  the 
Point  A  is  termed  the  higher  Apfisv  or  Aphelion , 
being  mod  didant  from  the  Sun  and  the  neared 
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Point  P  to  the  Sun,  is  called  the  lower  Apjts  or 
Perihelion :  The  Diftance  ES  between  the  Center 
of  the  Ellipfe  and  the  Sun,  is  called  the  Excen - 
tricity :  The  Line  ES  drawn  from  the  Extremity 
of  the  lefTer  Diameter  to  the  Sun ,  is  called  the 
mean  Diftance  of  the  Planet  from  the  Sun \  which 
is  equal  to  half  the  Axis  ',  it  exceeding  the  fhorteft 
Diftance  by  as  much  as  the  longed:  Diftance 
exceeds  it. 

Though  the  Planetary  Orbits  are  Elliptical* 
yet  they  differ  but  little  from  Circles ;  for  the 
Excentricity  of  the  Earths  Orbit  SC  is  only  17 
of  fuch  parts,  as  the  mean  Diftance  SF  is 
of  1 000. 

The  Planets  in  revolving  round  their  Orbits 
obferve  this  immutable  Law,  that  they  Defcrihe 
equal  Areas  in  equal  Times  *,  and  becaule  their 
Orbits  are  Ellipfes  the  Arches  deferibed  in  equal 
Times  will  be  unequal,  in  order  that  the  Areas 
may  be  equal.  Thus,  if  in  a  given  Time  a 
Planet  moves  from  A  to  B,  and  thereby  produces 
the  Area  ASB  ^  in  order  that  it  may  produce 
the  Areas  BSD,  PSF  each  equal  to  ASB,  BD 
muff  be  greater  than  AB,  and  FB  greater  than 
either,  or  the  Areas  will  be  unequal  %  and  thefe 
Arches  will  be  nearly  reciprocal  to  their  Diftances 
from  the  Sun.  This  Law  is  demonftrated  by  the 
Sagacious  Kepler,  in  his  Commentaries  on  the  Mo¬ 
tion  of  the  Planet  Mars. 

A  Planet  when  at  its  Ayheiion  moves  flowed:  * 
but  it’s  Motion  becomes  quicker  daily  from 
thence  to  its  Perihelion >  where  it  is  quickeft 
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of  all  ;  and  from  thence  again  to  its  Aphelion  it 
moves  every  Day  flower. 

Having  flhewn  that  the  Earth  is  removed  farther 
from  the  Sun  in  Summer  than  in  Winter  ;  it  will 
be  neceflfary  here  to  fhew  and  explain  the  Caufe 
of  the  Summer  Seafon,  being  warmer  than  the 
Winter  one  :  Firft  then,  the  Force  of  the  Sun's 
Rays  is  much  ftronger  when  they  fall  direflly, 
than  when  they  fall  obliquely  ;  now  in  the  Winter, 
the  Rays  fall  very  obliquely  upon  the  Earth,  and 
their  Power  is  thereby  diminifhed,  for  the  Light 
being  not  fo  denfe,  the  fewer  mi) ft  the  Rays  be 
in  any  given  Space  ;  and  of  courfe  the  more  they 
rnuft  be  fpread  and  fcattered,  and  confequently 
the  Heat  mull  be  thereby  lefifened.  Befides  the 
Sun  being  much  nearer  the  Horizon  in  the  Winter 
than  it  is  in  the  Summer,  the  Rays  in  the  Winter 
pafs  through  a  much  greater  Quantity  of  Atmof- 
phere  than  in  the  Summer,  and  are  thereby  more 
refracted  and  broke  by  the  Reflexions  of  fo  many 
Particles  of  Air ;  and  this  alfo  is  the  Reafon, 
that  we  can  look  at  the  Sun  when  it  is  in  or  near 
the  Horizon  without  hurting  our  Eyes  whereas 
when  it  rifes  higher,  we  cannot  look  at  it  without 
being  almoft  blinded. 

Again,  the  longer  any  hard  and  folid  Body  is 
expofed  to  the  Fire,  the  hotter  it  grows.  Now 
in  the  Summer  we  are  heated  by  the  Sun ,  about 
1 6  Hours  every  Day,  and  have  but  8  Hours  of 
Night  to  cool,  and  in  the  Winter  we  are  heated 
but  8  Hours,  and  coni  16;  ic  therefore  is  plain, 
that  there  muft  be  a  great  Difference  of  Heat 
and  Cold  in  thefe  two  Seafons. 

F  f  %  Since 
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Since  the  Power  or  Heat  of  the  Sun  is  greateft 
when  its  Rays  fail  upon  us  mod  diredlly  or  neared 
to  a  Perpendicular,  it  fhould  thence  follow,  that 
the  Heat  fhould  be  greated  when  the  Sun  enters 
Cancer ,  or  about  the  20  of  June ,  for  then  it  is 
neared  our  Vertex,  and  lieth  longed  towards  us*, 
but  we  find  it  much  warmer  above  a  Month  after, 
and  warmed  about  the  beginning  of  Augufi ,  in 
the  Dog-Days ,  though  the  Sun  be  removed  above 
£  whole  Sign,  from  that  Place,  where  he  was  mod 
vertical. 

Now  to  arrive  at  the  true  Caufe  of  this  EffeT, 
it  will  be  neceffary  to  obferve,  that  the  Abtion 
of  the  Suns  Heat  upon  all  Bodies,  is  not  tranfient 
as  it’s  Illumination,  but  permanent;  So  that  a 
Body  which  is  once  heated,  will  retain  that  Heat 
for  fome  Time  after  the  Sun  has  left  it,  for  the 
Particles  of  Heat  being  abforbed  by  the  Body, 
cannot  at  once  difengage  themfelves  from  it,  but 
will  continue  in  it  for  fome  Time  before  they  can 
fly  off,  and  loofe  their  Force,  or  before  the  Body 
can  cool;  therefore  if  the  heating  Particles,  which 
are  daily  received,  exceed  thofe  which  fly  off 
in  the  Night,  the  Body  mud  continually  encreafe 
in  Heat,  And  this  is  our  prefent  Cafe,  for  the 
Particles  of  Heat  do  daily  encreafe  for  fome  Time 
after  the  Sun  has  entered  3  Cancer ,  fince  there  are 
more  entering  into  the  Earth ,  in  the  Days  than 
there  are  thrown  off  in  the  Night.  Thus,  let  us 
fuppofe  100  Particles  to  be  received  in  the  Day, 
and  50  of  thefe  to  be  thrown  off  in  the  Night; 
there  will  then  remain  50  to  excite  Heat:  If  then 
the  next  Day  the  Sun  will  iimoart  100  Particles, 
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of  which  one  half  of  them  are  thrown  off  in  the 
Night-,  in  the  beginning  of  the  third  Day,  there 
will  remain  100  Particles  exciting  Heat.  In  the 
fame  Manner,  fo  long  as  there  are  more  Particles 
of  Heat  emitted  from  the  Sun  upon  the  Earth  In 
the  Day,  than  can  be  dilfipated  or  thrown  off  in 
the  Night,  the  Heat  muft  conftantly  encreafe 
and  become  more  intenfe :  But  when  the  Days 
decreafc,  and  the  Force  of  the  Sun's  Rays  become 
weaker,  there  will  be  more  Particles  thrown  off 
in  the  Night  than  there  are  received  in  the  Day, 
and  by  that  Means  the  Body  will  be  heated  lefs 
every  Day,  fo  that  the  Earth  and  Air  at  length 
will  become  extreamly  cool. 

Of  the  Moon’s  Phafes  and  Motion. 

The  Moon  as  it  was  faid  before,  is  a  fccondary 
Planet  which  conftantly  attends  the  Earth  in  its 
annual  Motion  round  the  Sun,  defcribins  its  Orbit 
in  27  Days  and  7  Hours  •,  it  is  the  moft  fplendid 
of  all  the  heavenly  Bodies  except  the  Sun,  and  if 
viewed  from  the  Sun,  would  never  be  feen  above 
l o  Minutes  diftant  from  us. 

The  Moon  puts  on  feveral  Phafes  or  Appearances, 
and  is  conftantly  changing  its  Figure,  being  fbme- 
tim-es  Horned,  then  Half  Full,  afterwards  Gib¬ 
bous  or  Humped,  then  Full,  again  Gibbo.us,  Half 
Full,  and  Horned:  And  thefe  different  Phafes  are 
eafily  accounted  for,  when  «we  confider  that  fhe 
like  the  Earth ,  is  an  opaque  fpherical  Body,  which 
only  fhines  by  the  Light  fhe  receives  from  the  Sun , 
having  always  that  half  of  her  Body,  which  is 
next  the  Sun,  enlightned  while  the  reft  remains 

involved 


2%%  A  COURSE  of 

involved  in  Darknefs ;  but  the  half  which  is  vL 
fible  to  us,  is  that  which  is  oppofite  to  the  Sun, 
and  therefore  according  to  her  various  Situations 
with  refpedb  to  the  Sun  and  Earthy  fhe  will  feem 
to  undergo  different  Degrees  of  Illumination, 
having  fometimes  a  greater,  and  at  other  Times 
a  lefs  Part  of  the  enlightned  Hemifphere  turned 
towards  the  Earthy  fometimes  the  whole,  and  at 
other  Times  no  Part  of  her  can  be  feen  from  the 
Earth ,  To  explain  which.  Fig.  86,  let  S  repre- 
fent  the  Sun,  T  the  Earth ,  RTS  a  Part  of  the 
Earth's  Orbit,  which  it  defcribes  in  its  annual  Mo¬ 
tion  round  the  Sun  ABCDEFGH  the  Orbit  of 
the  Moon ,  in  which  it  moves  round  the  Earth  from 
Weft  to  Eaft,  PNOM  the  Moons  Body,  and  it’s 
Center  L.  Let  the  Centers  of  the  Sun  and  Moon 
be  joined  by  the  Right  Lines  SL,  and  let  MLN 
be  a  Plane  paffing  through  the  Moons  Center  per¬ 
pendicular  to  the  Line  SL-,  then  this  Plane  will 
cut  the  Moon  in  a  great  Circle,  which  will  be  the 
Boundary  of  Light  and  Darknefs,  which  feperates 
the  enlightned  from  the  obfeure  Side.  In  like  Man¬ 
ner,  if  the  Centers  of  the  Earth  and  Moon  be  join¬ 
ed  by  the  LineTL,  which  is  perpendicular  to  the 
Plane  PLO ;  that  Plane  will  cut  the  Moon  in  a  great 
Circle,  called  the  Circle  of  Vifion,  which  will  iepe- 
rate  the  Vifible  from  the  Invifible  Hemifphere 
of  the  Moon. 

Hence  9 1 i s  plain,  that  if  the  Moon  be  at  the 
Point  A  of  it’s  Orbit,  that  the  Circle  of  Vifion 
PLO,  will  coincide  with  the  Circle  MLN,  which 
is  the  Boundary  of  Light  and  Darknefs,  and  fo 
the  enlightned  Hemifphere  of  the  Moon  will  be 

turned 
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turned  towards  the  Earthy  and  then  with  refpe£fc 
to  us  it  is  called  Pull-Moon-,  when  therefore  the 
Moon  is  full,  it  muft  confequently  be  in  Qppcfition 
to  the  Sun ,  becaufe  from  the  Earth ,  the  Sun  and 
,  Moon  then  appear  in  oppofite  Parts  of  the  Heav- 
\  ens,  the  one  fetting  when  the  other  rifes.  When 
i  the  Moon  comes  to  B,  ’tis  plain  that  the  whole 
1  eniightned  Difk  or  Hemifphere  MPN,  is  not 
I  turned  towards  the  Earthy  there  being  a  Part  of 
it  MP  not  to  be  feen  by  us;  therefore  the  vifible 
illuminated  Part,  will  be  deficient  of  being  a 
1  Circle,  and  will  be  Gibbous .  When  the  Moon 
arrives  at  C,  where  the  Angle  CTS  is  a  Right  An¬ 
gle,  the  Angle  TCS  will  differ  very  little  from 
being  alfo  a  Right  Angle,  upon  Account  of  the 
vafl  Diftance  of  the  Sun  from  the  Earth  and  Moofy 
fo  that  CS  and  TS  may  be  looked  upon  as  paral¬ 
lel  ;  therefore  the  Circle  of  Vifion  OP,  will  bife<ft 
the  Boundary  of  Light  and  Darlene fs  MN  at  Right 
Angles,  and  fo  half  of  the  eniightned  Hemifphere 
will  only  be  vifible  to  us,  and  then  Hie  is  called  an 
Half- Moon ,  and  is  faid  to  be  in  a  Quadrate-  A fp  eft , 
or  to  be  in  one  of  her  Quadratures ,  or  within  a 
Quadrants  Diftance  of  the  Sun .  When  the  Moo# 
has  got  to  D,  then  only  a  frnall  Part  PN  of  the 
eniightned  Hemifphere,  is  turned  towards  the 
Earth ;  and  therefore  becaufe  the  Moon  is  of  a 
P  fphencal  Form,  that  vifible  eniightned  Part,  will 
as  appear  horned,  with  the  Horns  turned  to  the  Wefi- 
ward.  When  the  Moon  arrives  at  E,  the  Circle 
Bounding  Light  and  Darknefs,  will  coincide  with 
the  Circle  of  Vifion,  and  then  the  Moon  will  cliff 
apppear,  having  its  darkned  Hemifphere  turned 
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towards  the  Earth  ;  and  when  it  is  in  this  Situation 
it  is  faid  to  be  in  Conjunction  with  the  Sun,  and 
to  be  New- Mo  on.  When  the  Moon  advances  to  F, 
Hie  again  afiumes  an  horned  Figure ;  but  the  Horns 
which  before  the  New-Moon  were  turned  to  the 
Wejlward ,  are  now  turned  to  the  Eaftward.  When 
the  Moon  arrives  at  G,  fhe  is  again  in  a  Quadrate* 
Jfpefit,  or  in  one  of  her  Quadratures ,  where  fhe 
will  be  an  Half- Moon ,  and  at  H  fhe  will  be  more 
than  half  full  or  Gibbous,  but  in  A  Hie  will  again 
appear  with  a  full  Face. 

As  the  Moon  enlightens  the  Earth  by  its  reflected 
Light  from  the  $un\  fo  the  Earth  enlightens  the 
Moon  by  its  reflex  Light:  And  becaufe  the  Surface 
of  the  Earth  is  above  fifteen  Times  greater  than 
that  of  the  Moon ,  therefore  the  Earth  may  well 
be  fuppofed  to  give  the  Moon  a  Light,  which  is 
fifteen  Times  greater  than  that  it  receives  from 
it. 

In  New-Moons  9t\s  plain  that  the  enlightned 
H  emifphere  of  the  Earth  is  fully  turned  towards 
the  Moon ,  and  will  therefore  at  that  Time  illumi¬ 
nate  the  dark  Side  of  the  Moon  \  and  then  the 
Lunarians  will  have  a  full  Earth ,  as  we  in  a  flmilar 
Fofltion  have  a  full  Moon.  And  hence  it  is  thar9 
a  dim  Light  is  obferved  in  the  old  and  new  Moons 
whereby  we  fee  the  reft  of  the  Moons  Body,  befides 
the  bright  Part  which  is  horned.  When  the  Moon 
fcs  full,  then  the  Sun  and  Earth  will  appear  in  Con¬ 
junction  to  it,  and  the  Lunarians  will  then  have  a 
new  Earth ;  after  which  the  Earth  will  appear 
Horned  to  them.  In  fhort  the  Earth  will  fhew 
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the  fame  Appearances  to  the  Inhabitants  of  the 
Moon ,  as  the  Moon  does  to  us. 

Though  as  before,  the  Moon  defcribes  its  Orbit 
in  27  Days  and  7  Hours  called  a  Periodic  Month‘s 
yet  the  Time  it  takes  from  one  Conju&ion  to  the 
next,  will  be  nearly  29  Days  12  Hours,  which  is 
called  a  Synodic  Month .  Thus,  Fig.  87.  let  S 
reprefen  t  the  Sun:  T  the  Earth ,  AB  a  Part  of 
the  Earth’s  Orbit  round  the  Sun,  and  ALDC  the 
Orbit  of  the  Moon :  Let  the  Earth  be  at  T,  and 
the  Moon  at  L,  in  Conjunction  with  the  Sun  1 
Now  while  the  Moon  is  moving  from  L  round  it’s 
Orbit,  iPs  plain  that  the  Earth  my  ft  make  fome 
Progrefs  through  it’s  Orbit,  carrying  the  Moon  $ 
Orbit  along  with  it:  So  that  while  the  Moon  has 
moved  quite  round  it’s  Orbit,  the  Earth  will  be 
carried  from  T  to  t,  and  the  Moon’ s  Orbit  will 
be  in  the  Situation  lacd,  and  the  Point  L  will  be 
in  the  Line  //,  parallel  to  the  former  TL,  and 
confequently  the  Moon  will  be  then  in  /,  and 
will  have  compleated  it5 s periodic  Month ;  but  it  will 
not  be  in  Conjunction  with  the  Sun  ’till  it  has  moved 
farther  on  to  M,  when  it  will  have  compleated 
it’s  Synodic  Month. 

If  the  Moon’s  Orbit  lay  in  the  Plane  of  the  Eclip* 
tic ,  that  is,  if  the  Earth  and  Moon  moved  in  the 
fame  Plane  ;  5 tis  manifold  that  in  about  a  Month,  the 
Moon  would  be  feen  to  deferibe  the  fame  Circle 
in  the  Heavens,  that  the  Sun  appears  to  do  in  a 
Year,  that  is,  it  would  deferibe  the  Ecliptic  Circle: 
But  becaufe  the  Moon  s  Orbit,  does  not  lie  in  the 
fame  Plane  with  the  Earth’ s,  or  in  the  Plane  of 
the  Ecliptic ,  but  is  inclined  to  it  in  an  Angle  of 

G  g  about 


246  A  COURSE  of 

ur 

about  five  Degrees •,  the  Moon  is  feen  to  be  fome- 
times  above,  fometimes  below  •,  and  at  other  Timers 
in  the  Ecliptic.  Thus,  Fig .  88.  let  AB  be  a  Part 
of  the  EartFs  Orbit,  T  the  Earthy  CEDF  the 
Obit  of  the  Moon, ,  CGDH  a  Circle  of  the  fame 
Diameter  with  that  of  the  Moon's  Orbit,  lying 
in  the  Plane  of  the  Ecliptic .  Thefe  two  Circles 
being  in  different  Planes,  and  having  the  fame 
Center  T,  will  interfeft  each  other  in  the  Extremi¬ 
ties  of  the  Line  DC,  which  paffes  through  the 
Earth  \  and  one  half  of  the  Moon's  Orbit  CED, 
will  rife  about  five  Degrees  above  the  Plane  of 
the  Circle  CGDH  towards  the  North ,  while  the 
other  half  DEC,  will  be  as  far  below  it  towards 
the  South .  The  Right  Line  DC  at  whofe  Ex¬ 
tremities  the  two  Circles  interfe<ft  each  other,  is 
called  the  Line  of  the  Nodes ;  and  the  Points 
D  and  C  are  called  the  Nodes .  The  Node  C  where 
the  Moon  begins  hp  afeend  Northward,  is  called 
the  afeending  Node ,  or  the  Dragon's  Head,  and  is 
thus  maked  •,  the  other  Node  D  whence  the 
Moon  begins  to  deicend  to  the  Southward,  is  call¬ 
ed  the  defeending  Node ,  or  the  Dragon's  dail,  and 
is  thus  marked  IS.  Hence  ’tis  plain,  that  the 
Moon  cannot  appear  to  be  in  the  Ecliptic ,  but  twice 
in  it’s  Period  round  the  Earthy  that  is  when  it  i£ 
in  a  Node  ;  and  that  the  more  diftant  it  is  from  a 
Node ,  it  is  the  farther  removed  from  the  Plane  of 
the  Ecliptic :  The  two  oppofite  Points  of  it’s  Or¬ 
bit  E  and  F  that  lie  in  the  Middle  t  between  the 
Nodes ,  ate  called  the  Limits ;  becaufe  they  fhew 
the  uttneff  Diffance  the  Moon  can  be  from  the 
Plane  of  the  Ecliptic , 
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It  has  been  found  from  Qbfervacions,  that  the 
Line  of  the  Nodes  changes  it’s  Situation  from 
Eaft  to  Weft,  contrary  to  the  Order  of  the  Signs, 
and  by  this  retrograde  Motion,  finifhes  it's  Cir¬ 
culation  in  about  19  Years;  after  which  Time 
the  Nodes  return  to  the  fame  Points  0 1  the  Eclip * 
tic  again. 

Of  the  Inequalities  in  the  Moon's  Motions , 

and  of  ifs  Surface. 

Hitherto  we  have  confidered  the  Moon  to  move 
in  a  Circular  Orbit  about  the  Earth ,  but  Obfer- 
vations  have  convinced  us  that  (he  is  fometimes 
nearer,  and  at  other  Times  farther  from  us,  and 
therefore  that  her  Orbit  is  of  an  elliptic  Form, 
in  one  of  the  Foci,  of  which  Fig.  89.  is  the 
Earth  T ;  the  greater  Axis  of  the  Ellipfe  AP  is 
called  the  Line  of  the  Apfides ,  TC  is  the  Eccentri¬ 
city  ;  the  Point  A  or  highed  Ap/is  which  is  mod 
diftant  from  the  Earth  is  called  the  Apogeon  of  the 
Moon  ;  and  the  lowed  Apfis  P,  is  called  it’s  Peri- 
geon ,  being  that  Point  of  the  Moon's  Orbit,  which 
is  neared  to  the  Earth . 

The  Moon’s  Orbit  is  not  only  carried  with  the 
Earth  round  the  Sun,  but  it  has  a  Motion  from 
Weft  to  Eaft  about  the  Earth ,  in  the  Space  of  ah 
mod  nine  Years,  in  which  Time  it  will  return  to 
it’s  former  Situation. 

The  periodical  Months  are  not  equal.  For 
when  the  Earth  is  in  it’s  Aphelion ,  or  mod  didant 
from  the  Sun ,  the  Moon  being  fo  likewife  ;  fhe 
£fyen  moves  quicker,  and  performs  her  Circulation 
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in  lefs  Time.  Again,  when  the  Earth  is  in  iPs 
Perihelion ,  or  is  lead  diftant  from  the  Sun ,  the 
Moon  being  fo  likewife;  the  Moon  then  moves 
flower  and  performs  it’s  Circulation  in  a  greater 
Time  :  Seeing  therefore  that  the  Moon  revolves 
about  the  Earth  in  a  lefs  Time,  when  the  Earth 
is  in  it’s  Aphelion ,  than  when  it  is  in  it’s  Perihe¬ 
lion  ,  the  periodical  Months  cannot  be  equal. 

When  die  Moon  is  in  either  of  the  Syzyga  A  or 
P,  or  in  thole  Points  of  it’s  Orbit,  which  are 
in  a  Line  with  the  Sun  and  Earthy  fhe  will  then 
move  fwifter,  than  when  die  is  in  the  Quadri- 
tures. 

According  as  the  Moon  is  removed  from  the  Sy¬ 
zyga  fhe  flackens  her  Pace,  and  increafes  it  as  fhe 
goes  towards  either  of  them.  Thus,  from  her 
Change  to  the  fird  Quadrature,  flie  every  Day 
moves  flower,  and  from  that  Quadrature  to  the 
Full,  flie  moves  quicker  daily  ;  again,  from  the 
Full  to  the  Jail  Quadrature,  fhe  every  Day  moves 
flower,  and  from  the  laft  Quadrature  to  the  Change, 
flie  daily  moves  fwifter.  This  Inequality  is  called 
the  Moons  VariatioHy  and  was  firft  difcovered  by 
Eycho  Brahe . 

The  Moon  moving  in  an  Ellipfe  round  the 
Earthy  defcribes  equal  Areas  in  equal  Times,  as 
the  primary  Planets  do  in  moving  round  the  Sun  ; 
therefore  the  Moon  muff  bequickeftin  the  P erigeonr 
and  flowed  in  the  Apogeon. 

The  Orbit  of  the  Moon  is  changeable,  for  it 
increafes  and  decreafes:  It  is  greated,  for  the  Ex- 
cen tricity  is  greated,  when  the  Line  of  the  Apfides 
coincides  with  the  Syzyga,  or  when  it  is  in  the  Line 
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that  joins  the  Sun  and  Earth  and  the  Excentricity 
is  lead,  when  the  Line  of  the  Apjides  is  at  Right 
Angies  with  the  other.  The  Difference  between 
the  greateft  and  lead  Excentricity  is  fo  confiderable, 
that  it  is  half  of  the  lead. 

The  Apogeon  of  the  Moon  is  alfo  variable,  fome- 
times  moving  forwards,  and  again  backwards. 
When  it  coincides  with  the  Syzygal  Line,  it  moves 
forwards,  but  when  it  cuts  that  Line  at  Right 
Angles,  it  moves  backwards,  and  it’s  Progrefs  and 
Regrefs  are  very  unequal.  When  the  1 Moon  is  in 
her  Quadratures,  the  Apogeon  goes  but  dowly  for¬ 
wards,  dands  dill,  or  moves  backwards :  But  when 
the  Moon  is  in  Oppofition  to  the  Sun,  the  Apogeon 
has  a  quick  Motion  forwards. 

The  Motion  of  the  Nodes  is  alfo  variable,  for 
when  the  Line  of  the  Nodes  coincides  with  the 
Syzygal  Line,  they  have  no  Motion  ;  but  when 
they  cut  that  at  Right  Angles,  they  go  fwiftly 
backwards  from  Eaft  to  Weft. 

All  tfaefe  Irregularities  were  fird  difcovered  by 
Sir  Isaac  Newton,  who  has  fhewn  that  they  all 
arife  from  the  Theory  of  Gravitation  of  Matter  to 
Matter. 

The  only  regular  Motion  the  Moon  is  endued 
with,  is,  that  in  one  Angle  Rotation  round  her 
Axis,  {he  moves  round  her  Orbit  ;  by  which  Means 
{he  always  keeps  the  fame  Face  to  us:  Yet  this 
very  Regularity  is  the  Caufe  of  a  feeming  Irregu¬ 
larity,  If  indeed  the  Moon  s  Orbit  were  a  Circle, 
then  we  would  always  fee  the  fame  Face  :  But 
becaufe  it  is  an  Eilipfe,  in  one  of  whole  Foci  is 
the  Earth ,  we  cannot  fee  the  very  fame  Face, 
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by  it’s  defcribing  equal  Areas  in  equal  Times  ; 
but  fometimes  we  fee  more  of  its  Eaftern  Iamb, 
and  at  other  Times  more  of  its  JVeftem  Limb; 
and  thefe  Appearances  are  called  the  Librations 
of  the  Moon.  . 

If  the  Moon  s  Difk  or  Face,  were  fmooth  as  a 
convex  Mirror,  it  would  oniy  refled:  the  Sun’s  Rays 
in  certain  Directions,  which  would  terminate  in 
a  Point,  where  the  Sun’s  Image  would  be  feen 
very  fmall,  but  with  immenfe  Luftre:  It  would 
not  reflect  Light  as  it  does  by  diffufing  it  on  all 
Sides,  if  it’s  Surface  were  not  very  rough  and 
uneven. 

That  the  Surface  of  the  Moon  is  not  only  rough 
and  uneven,  but  that  there  are  many  Hills  and 
Vallies  thereon,  may  be  thus  proved.  If  it5s 
Surface  were  fmooth,  the  Arch  deferibed  by  the 
Terminator  of  Light  and  Darknefs,  either  in  a 
horned,  or  a  gibbous  Moon ,  would  appear  to  be 
a  regular  Curve,  free  from  any  Excrefcences  ;  and 
in  the  Quadratures,  the  Terminator  of  Light  and 
Darknefs,  would  be  a  Right  Line.  But  by  view* 
ing  the  Moon  through  a  Telefcope,  we  find  there 
are  no  fuch  regular  Curves  or  Lines  to  be  feen 
on  it’s  Difk,  but  that  the  Confines  of  them  are 
tinged  or  illuminated  with  a  Multitude  of  Spots 
and  Breaks  diforderly  fcattered.  From  the  third 
to  the  fifth  or  even  to  the  fixth  Day  of  the  Moon , 
there  may  be  obferved  many  fhining  Points  fcac_ 
tered  in  the  dark  Part  near  the  Light,  which  be* 
ing  obferved  through  a  Telefcope,  will  in  a  few 
Minutes  be  found  to  dilate  and  expand  themfelves 
gradually,  "till  they  join  the  light  Part ;  and  in 
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the  mean  Time  new  Spots  again  are  continually 
appearing  at  feme  Diffance  from  the  light 
Fart,  which  again  expand  in  a  few  Minutes  and 
are  joined  to  the  Light,  and  the  contrary  is  found 
in  the  laft  fi^Days  of  the  Moon.  Therefore  the 
Surface  of  the  Moon  is  not  fmooth  but  rough  and 
uneven. 

The  Spots  which  appear  without  the  illuminated 
Part,  are  the  Tops  of  very  high  Mountains, 
which  rife  far  above  the  other  Parts  of  the  Surface; 
and  are  therefore  fooner  illuminated  than  the  low- 

>  er  Parts,  and  continue  longed:  to  fhine.  There 
;  are  alfo  in  the  illuminated  Part  of  the  Moon  many 

>  dark  Spots,  which  feem  to  be  large  Cavities,  when 
the  Sun  fhines  obliquely  upon  them ;  but  as  the 
Sun  rifes  more  and  more,  the  dark  Parts  become 

['  lefs  and  lefs,  and  at  Length  they  vanifh. 

Afironomers  find,  that  the  Mountains  in  the  Moon 
are  much  higher  than  thofe  of  the  Earth.  They 
have  found  dome  of  them  to  be  nine  Miles  high, 
which  is  three  Times  higher  than  the  highefl  Hills 
on  the  Earth . 

■  • 

A  Full  Moon  when  viewed  through  a  Telefcope, 

is  feen  to  abound  with  a  great  Number  of  large 
y  dark  Spots,  intermixed  with  white  ones,  which 
dark  Spots  are  Cavities,  and  the  white  ones  are 
Mountains.  Some  have  imagined  the  dark  Spots 
to  be  Seas,  but  they  condd:  of  a  darker  Matter 
than  Water,  which  does  not  refledt  the  Light. 

There  are  neither  Clouds  nor  Vapours  about 
the  Moon ,  from  whence  Rain  may  be  generated  : 
If  there  were,  they  would  fometimes  cover  ids 
Difk,  or  render  fame  of  its  Parts  obfeure  to  us, 
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which  never  happens.  It  is  probable  that  the 
Moon  has  not  even  an  Atmofphere,  becaufe  the 
Planets  and  Stars  which  are  feen  near  it’s  Limb* 
have  not  their  Light  refracted,  as  it  is  in  palling 
through  our  Atmofphere.  If  any  Atmofphere  it 
has,  it  mull  be  of  a  very  extraordinary  thin  Nature. 
Hence  there  is  a  conftant  Series  of  fine  ferene 
Weather  in  the  Moon . 

Hevelius  has  given  Geographical  Names  to  the 
feveral  Parts  of  the  Moon ,  by  calling  feme  [Hands, 
Countries,  and  Seas  after  thofe  on  the  Earth ,  with¬ 
out  any  regard  to  Situation  or  Figure. 

Of  the  Eclipfes  of  the  Sum  and  Moon. 

All  opaque  Bodies,  which  are  expofed  to  the 
Sun,  caff  a  Shadow  behind  them,  which  Shadow 
is  a  privation  of  Light  in  the  Space  it  pofFefTes. 
The  Earth  therefore  being  an  opaque  Body,  calls 
a  Shadow  into  the  Heavens  in  an  oppofite  Direction 
to  the  ^un. 

This  being  premifed,  we  will  fhew  that  the^ 
Sun  is  bigger  than  the  Earth.  Thus, 

1.  Fig.  80.  If  the  Sun  and  Earth  were  of  equal 
Diameters,  it  is  plain  that,  the  Shadow  of  the  Earth 
would  form  a  Cylinder,  which  would  be  infinite. 

2.  Fig.  81.  If  the  Sun  were  lefs  than  the  Earth , 
it  is  alio  plain  that,  the  Shadow  would  form  an  in¬ 
finite  truncated  Cone,  which  being  farther  con¬ 
tinued  would  take  up  Hill  the  greater  Space. 
Now  in  either  of  thefe  Cafes,  becaufe  the  Shadows 
are  infinite;  fometimes  the  fuperior  ‘Planets,  Mars , 
Jupiter ,  and  Saturn  would  be  involved  in  them, 

and 
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and  they  would  by  that  means  buffer  Eclipjes .  Rue 
thefe  Planets  have  never  been  found  to  buffer 
Eclipfes ,  therefore  the  Sun  is  neither  equal  to, 
nor  is  it  lefs  than  the  Earth,  and  confequently  it 
muff  be  greater  than  the  Earth. 

Fig.  82.  Seeing  therefore  that  the  Sun  is  greater 
than  the  Earth ,  it  is  plain  the  Earth's  Shadow 
muft  be  in  the  form  of  a  Cone,  and  mud  termi¬ 
nate  in  a  Point.  And  becaufe  the  Moon  s  Diame¬ 
ter  is  found  to  be  contained  about  nree  Times 
mi  the  Shadow,  it  is  plain  chat  the  Moon  mull  be 
lefs  than  the  Earth.  _ 

Let  S  reprefent  the  Sun,  12  the  Earth ,  and  ABC  D  ^ 
the  conical  Shadow.  It  is  plain  that  there  can 
be  no  Line  drawn  from  the  Sun,  to1  any  Point  in 
the  Space  ABC  which  mull  not  fall  onthe  Earth  \ 
and  feeing  the  Earth  is  an  opaque  Body,  the  Suns 
Rays  cannot  pafs  through  it,  nor  can  they  illumi¬ 
nate  any  Part  of  the  Space  ABC.  Now  when  the 
Moon  being  oppofite  to  the  Sun,  is  involved  in  this 
Space,  or  Shadow,  fhe  buffers  an  Eclipfe  in  the 
very  Time  of  Full  Ado  on. 

The  Sun  being  greater  than  the  Earth ,  and  the 
Earth  again  being  greater  than  the  Moon  \  the  Sun 
muft  therefore  be  much  greater  than  the  Moon, 
and  the  Moon  s  Shadow  muft  form  a  much  lefs 
Cone,  than  that  of  the  Earth.  Now  if  this  Sha¬ 
dow  of  the  Moon  fhould  happen  to  fall  on  the 
Earth,  which  can  only  happen  when  the  Moon  is 
in  Conjunction  with  the  Sun,  then  the  Inhabitants 
of  the  Earth ,  on  whom  the  Shadow  falls,  will  be 
involved  in  Darknefs,  and  the  Sun  will  feem  to 
be  in  an  Edipfe,  fo  long  as  the  Shadow  covers 
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them.  Fig.  93.  But  becaufe  it’s  Shadow  is  much 
lefs  than  the  Earth ,  it  can  only  cover  a  fmall  Part 
of  the  Earth ,  fuch  as  BC ;  within  which  Space 
only  a  total  Eclipfe  of  the  Sunvr\\\  happen  becaufe 
the  Inhabitants  in  that  Space,  only  are  totally 
deprived  of  the  Light  of  the  Sun  *,  whereas 
the  circumjacent  Inhabitants,  who  are  near  the 
Shadow,  will  fee  a  Part  of  the  Sun9  and  to  fuch 
the  Eclipfe  will  be  partial,  and  thofe  who  live  about 
P,  will  fee  half  the  Sun  eclipfed ;  But  whoever 
lives  between  M  and  N,  will  at  the  fame  Tin^p 
fee  the  whole  Body  of  the  Sun ,  and  will  perceive 
no  Eclipfe. 

Thofe  Inhabitants  who  fee  a  partial  Eclipfe ,  are 
faid  to  be  in  the  Penumbra  of  the  Shadow,  that 
is,  they  are  neither  in  total  Light  nor  Darknefs  ; 
fuch  as  are  in  that  Part  of  the  Penumbra ,  which 
is  neareft  to  the  Shadow,  cannot  fee  as  much  of 
the  Suns  Body,  as  thofe  that  are  farther  removed 
from  it-,  therefore  the  former  will  fee  a  greater 
Eclipfe  than  the  latter;  and  thofe  who  are  without 
the  Penumbra ,  will  fee  no  Eclipfe. 

If  two  Gandies  be  placed  a  little  diftant  from 
each  other  on  a  Table,  and  a  Ball  be  placed  on 
the  Table  about  a  Foot  from  them,  in  a  Line 
■which  is  at  Right  Angles  to  the  Middle  of  a 
Line  drawn,  between  the  Centers  of  the  Candle- 
flicks  ;  a  conical  Shadow  of  the  Ball  will  be  ex¬ 
hibited,  and  on  either  Side  of  it  a  Penumbra . 
In  one  Side  of  the  Penumbra ,  the  Candle  on  that 
Side  only  can  be  fcen,  and  in  that  of  the  orhcr 
Side,  the  other  Candle  can  be  only  feen  5  But 
in  the  Shadow  neither  can  be  feen. 
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From  what  has  been  faid  Stis  plain,  that  there 
cannot  be  an  Eclipfe  of  the  Moon  but  at  a  full 
Moon ,  or  when  the  Moon  is  in  opposition  to  the 
Sun ;  nor  can  there  be  an  Eclipfe  of  the  Sun 7  or 
rather  of  the  Earthy  but  at  a  new  Moon ,  or  when 
the  Moon  is  in  conjunction  with  the  Sun.  And 
Yet  the  Sun  and  Moon ,  do  not  fufFer  Eclipfes  every 
Month,  which  they  would  do  if  the  Moon  s  Obit 
were  in  the  plane  of  the  Ecliptic .  But  we  have 
already  (hewn,  that  the  Moon  is  never  in  the  Plane 
of  the  Ecliptic ,  but  when  it  is  in  a  Node ,  or  in 
one  of  thofe  Points,  where  the  Plane  of  the  Moon's 
Orbit  interfeCts  the  Plane  of  the  Ecliptic ;  and 
therefore  the  Sun ,  Moon  and  Earth  cannot  be  in 
the  fame  Plane,  and  in  the  fame  Right  Line,  un- 
lefs  the  Moon  be  in  a  Node ,  and  that  Node  be 
at  the  fame  Time  in  a  right  Line,  conne&ing  the 
Centers  of  the  Sun  and  Earth.  When  this  hap¬ 
pens,  and  the  Moon  be  at  the  Full ,  the  Axis  of  the 
EartEs  Shadow  will  pafs  through  the  Center  of 
the  Moon ;  and  then  the  Moon  will  fufFer  a  total 
and  central  Eclipfe \  The  Duration  of  an  Eclipfe 
therefore  muft  be  juft  as  long  as  the  Moon  takes 
up  in  pafting  through  the  Shadow  of  the  Earthy 
or  through  a  Circle  whole  Diameter  is  three 
T  imes  greater  than  the  Diameter  of  the  Moon , 
or  fo  long  as  the  Moon  is  pafting  through  an  Arch, 
which  is  equal  to  four  of  it?s  own  Diameters,  that 
is,  about  two  Degrees ;  which  Space,  the  Moon  ge* 
nerally  moves  through  in  four  Hours.  Fig .  94. 
Thus,  if  MN  reprefents  the  tranfverfe  Section 
of  the  Earths  Shadow,  at  the  Diftance  of  the 
Moon^  CD  a  Part  of  the  Maori  $  Orbit  deferibed  in 
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the  Time  of  Full  Moon ,  BGA  a  right  Line  in  the 
Plane  of  the  Ecliptic  \  F  will  be  the  Poiition  of 
the  Moons  Center,  when  fhe  firft  touches  the  Sha¬ 
dow,  E  the  pofition  of  the  fame  when  fhe  leaves 
it ;  G  will  be  the  Node,  and  the  Center  of  the 
Moon  when  the  Axis  of  the  Shadow  paffes  through 
st,  I  the  Moon’s  Center  when  the  whole  Body  is  firft 
involved  in  the  Shadow,  and  H  the  fame,  when 
the  Moon  begins  to  quit  the  Shadow. 

Becaufe  the  Diameter  of  the  Earth’s  Shadow  is 
much  greater  than  the  Diameter  of  the  Moon ;  it 
is  plain,  there  may  be  total,  Eclipfes  of  the  Moon , 
when  the  Moon  is  not  only  in  a  Node ,  but  when  it 
is  near  one.  For  the  Node  may  be  at  fuch 
a  Diftance  from  the  Axis  of  the  Shadow,  that  the 
Moon-  may  fufifer  a  total  though  not  a  Central 
Eciipfe ;  as  in  Fig.  95.  or  it  may  fuffer  a  Partial 
Ec-lipfe ,  as  in  Pig.  96.  gj.  But  when  the  Node  is 
removed  from  the  Axis  of  the  Shadow  above 
twelve  Degrees  at  the  Time  of  Full  Moon ;  the 
Moon  then  will  have  fo  great  a  Latitude,  or  will  be 
removed  fo  far  above,  or  beneath  the  Plane  of 

the  Fxlipric  that  it  will  pafs  over,  or  under  the 
Shadow  and  will  not  be  eclipfed.  Therefore  an 

Eciipfe  of  the  Moon  can  only  happen  at  a  Full 
Moon ,  and  that  only  when  thclMoonis  in  a  Node ,  or 
within  twelve  Degrees  of  one. 

Juft  as  the  Earth’s  Shadow  when  caft  upon  the 
Moon ,  produces  an  Eciipfe  of  the  Moon-,  fo  like- 
wife  will  the  Moon  s  Shadow  when  caft  upon  the 
Earth ,  producean  Eciipfe  of  the  Earth  in  thofe 
places  where  the  Shadow  falls,  as  was  already 
fhewn.  But  thofe  Eclipfes  of  the  Earth ,  or  as  they 

are 
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arc  more  commonly,  but  improperly  called  Eclipfes 
of  the  Sun,  iince  the  Sun  never  ceafes  to  fhine, 
cannot  be  total  with  refpedt  to  the  Earth,  that  is* 
the  Moon  s  Shadow  cannot  involve  the  whole 
Earth  at  once  in  Darknefs,  feeing  as  before  the  Moon 
itfelf  is  much  lefs  than  the  Earth  and  again,  the 
Moon  s  Shadow  ftill  lefs:  So  that  to  thofe  Inhabi¬ 
tants  which  are  in  the  Axis  of  the  Moon  s  Shadow, 
the  Sun  can  only  be  totally  and  centrally  Eclipfed ; 
to  thofe  who  are  in  any  Part  of  the  Shadow  that 
is  not  in  the  Axis  of  the  Shadow,  the  Eclipfe  will 
be  total  •,  to  thofe  who  are  in  the  Penumbra,  it 
will  be  partial  ;  and  thofe  who  are  without  the  Pe¬ 
numbra,  will  fee  no  Eclipfe. 

Jt  fometimes  happens,  that  there  is  a  centra! 
Eclipfe  of  the  Sun ,  which  is  not  total.  This  happens 
when  the  Moon’s  Shadow  does  not  extend  fo  far 
as  the  Earth,  for  to  thofe  Inhabitants  of  the  Earth 
which  are  immediately  under  the  Vertex  or  Top 
of  the  conical  Shadow,  the  Moon  s  Center  will 
appear  to  coincide  with  that  of  the  Sun ;  and  the 
Moon  will  not  then  obfcure  all  the  Sun’s  Difk,  but 
will  leave  a  lucid  Annulus  or  Ring,  between  it9s 
Verge,  and  that  of  the  Sun.  And  fuch  an  Eclipfe 
is  called  an  annular  one. 

Of  the  Directions,  Stations  and  Retrogradations 

of  the  Planets. 

From  what  has  been  already  faid  concerning  Ve¬ 
nus,  it  is  Plain  that  fhe  undergoes  the  fame  Chang¬ 
es  and  Phafes  that  the  Moon  does,  and  no  doubt 
Mercury  alfo  does. 


Thefe 
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Thefe  inferior  Planets  are  feen  more  Eafterly 
than  the  Sun  •,  from  the  Time  of  their  fuperior^ 
to  that  of  their  inferior  Conjunction  *,  during  which 
Time  they  fet  after  him,  and  then  they  are  Even¬ 
ing  Stars .  But  from  the  Time  of  their  inferior, 
to  that  of  their  fuperior  ConjuCtion,  they  are 
feen  Wefiward  of  the  Sun\  and  confequently  they 
fet  and  rife  before  him,  and  then  they  are  Morning 
Stars. 

it  is  plain  that  thefe  Planets  are  continually 
changing  their  Diftances  from  the  Earthy  and  that 
their  Diftances  in  their  fuperior  Conjunctions, 
mud  exceed  thofe  in  their  inferior  Conjunctions 
by  the  Diameter  of  their  refpeCUve  Orbits.  By 
this  Means  Venus  appears  fix  Times  nearer  us  in 
her  inferior,  than  in  her  fuperior  Conjunction, 
but  thefe  greateft  and  Jeaft  Diflances  are  fometimes 
changed  ,  becaufe  the  Planets  move  in  elliptical, 
and  not  in  circular  Orbits,  as  we  have  hitherto 
fuppofed.  For  Venus  is  molt  remote  from  the 
Earthy  when  the  fuperior  Conjunction  happens  at 
the  very  Time  that  both  fhe  and  ihe  Earth  are  in 
their  Aphelions  *,  and  the  Diftance  of  Venus  and 
the  Earth  is  leaft,  if  the  inferior  Conjunction  hap¬ 
pens  at  a  Time  when  Veuws  is  in  her  Aphelion, 
and  the  Earth  is  in  it’s  Perihelion. 

It  was  before  faid  that  Venus  was  obferved  by 
Mr.  Hon  ax ,  to  appear  like  a  Spot  upon  the  Diflc 
of  the  Sun  in  1639,  which  is  a  Sight  feldpm 
to  be  feen.  But  the  like  may  be  again  feen  upon 
the  26th  Day  of  May^  1761  in  the  Morning,  if 
Clouds  do  not  interpofe- 
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The  Luftre  ot  Venus  decreafes  in  a  duplicate 
Proportion  as  the  Diftance  increafes,  therefore  {he 
will  not  appear  as  bright  when  fhe  is  full  as  when 
fhe  is  nearer  the  Earth  *,  Dr.  Halley  has  fhewn 
that  Venus  is  brighteft  when  fhe  is  about  40  De¬ 
grees  semoved  from  the  Sun,  and  that  then  no 
more  than  a  fourth  Part  of  her  lucid  Difk  is  to 
be  feen.  In  this  Situation  Venus  is  often  feen 
in  the  Day  Time,  and  even  when  the  Sun  is 
fhining. 

This  extraordinary  Luftre  of  Venus  is  truly  ad¬ 
mirable,  fince  the  like  is  not  to  be  found  in  any 
of  the  other  Planets,  nor  even  in  the  Moon.  *Tis 
true  the  Moon’s  Light  is  'much  the  greateft  as  her 
apparent  Magnitude  abundantly  exceeds  that  of 
Venus ;  yet  it’s  Light  is  but  dead  and  dull  when 
compared  with  the  fprightly  briik  Light  of  Ve¬ 
nus. 

The  Orbits  of  the  Planets  are  inclined  to  the 
Plane  of  the  Ecliptic  in  different  Angles.  Thus, 
the  Orbit  of  Saturn  is  inclined  to  the  Plane  of 
the  Ecliptic  in  an  Angle  of  2  Degrees  and  30  Mi- 
nutes;  that  of  Jupiter  in  an  Angle  of  1  Degree 
20  Minutes  *,  that  of  Mars  in  an  Angle  of  1  De¬ 
gree  52  Minutes  \  that  of  Venus  in  an  Angle  of 
3  Degrees  24  Minutes ;  and  that  of  Mercury  in 
Angle  of  6  Degrees  54  Minutes. 

The  Line  where  the  Plane  of  a  Planet  interfe&s 
that  of  the  Ecliptic,  is  called  the  Line  of  the  Nodes , 
and  the  Extremities  thereof  are  the  Nodes .  A 
Planet  therefore  can  never  be  feen  in  the  Ecliptic, 
but  when  it  is  in  the  Node.  When  a  Planet  is  in 
any  other  Part  of  it’s  Orbit,  it  is  either  on  the 

North 
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North  or  South  Side  of  the  plane  of  the  Ecliptic. 

This  Deviation  from  the  Plane  of  the  Ecliptic, 

when  viewed  from  the  Earth  is  called  the  Geocen - 
♦  » 

trie  Latitude  of  the  Planet,  but  if  viewed  from  the 
Sun  it  is  called  the  Heliocentric  Latitude.  Now 
whenever  a  Planet  comes  to  the  fame  Point  of 
it’s  Orbit,  the  Heliocentric  Latitude  will  be  the 
fame,  and  it v  will  be  greateft,  when  the  Planet 
is  90  Degrees  from  a  Node.  But  the  Geocentric 
Latitude  will  vary,  becaule  the  Earth  will  be  near¬ 
er  to,  or  farther  from  a  Planet  at  one  Time  than 
at  another,  when  the  Planet  is  in  the  fame  Point 
of  it’s  Orbit. 

If  a  Zone  or  broad  Circle  of  8  Degrees  be  con¬ 
ceived  to  be  carried  parallel  to  each  Side  of  the 
Ecliptic ;  thefe  two  Zones  compofe  one  Zone, 
which  is  16  Degrees  broad  ;  and  this  Spaceis  called 
the  Zodiac,  within  which  the  Planets  always  move. 
The  fixed  Stars  that  are  within  the  Zodiac  are 
thrown  into  twelve  Conftellations,  or  Afterifms,  viz. 

1.  v  Aries,  the  Ram.  2.  v  Taurus,  the  Bull. 
3.  2E  Gemini,  the  Twins.  4,  2d  Cancer,  the  Crab. 
5.  vfL  Leo,  the  Lion.  6.  Virgo,  the  Virgin. 
7.  £?  Libra,  the  Ballance.  8.  vc[  Scorpio,  the 
Scorpion.  9.  +  Sagittarius,  the  Archer .  10.  ^ 

Capricornus,  the  Goat.  n.  Aquarius,  the  Wa~ 
krer.  12.  X  Pifces,  the  Fijhes. 

The  Planets  Mercury  and  Venus  move  much 
fwifter  in  their  Orbits  at  one  Time  than  at  ano¬ 
ther;  and  their  Motion  at  fometimes  appears  to 

be  dired,  or  according  to  the  Order  the  Signs  of 

the 
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the  Zodiac.  Sometimes  their  Motion  appears  Re¬ 
trograde^  or  in  a  contrary  Order  of  the  Signs*  and 
fometimes  they  appear  to  be  Stationary,  or 
without  any  Motion  at  all,  for  Tome  Days  toge* 
thcr.  Ail  which  is  occafioned  by  the  Earth  and 
thefe  Planets  moving  in  concentric  Orbits,  one 
Within  another,  but  with  different  Velocities. 

Fig .  98.  Let  the  Jeffer  Circle  about  the  Sun  re- 
prefect  the  Orbit  of  Mercury,  and  the  larger  the 
Orbit  of  the  Earth.  Now  becaufe  the  Earth 
moves  through  only  one  Quarter  of  it’s  Orbit,  in 
about  the  fame  Time  that  Mercury  makes  one  en¬ 
tire  Revolution  round  us  \  or  that  one  Quarter  of 
the  Earths  Orbit  which  is  run  through  in  12 
Weeks,  may  anfwer  or  be  equal  to  the  Time  of 
Mercury9 s  Period  ;  let  us  divide  one  Quarter of 
the  Earths  Orbit  into  12  equal  Parts,  and  the  en¬ 
tire  Orbit  of  Mercury  into  the  like  Number  of 
equal  Parts,  as  in  the  Scheme ;  then  it  is  plain 
that  when  the  Earth  is  at  o  in  it’s,  and  Mercury 
at  o  in  his  Orbit,  he  appears  at  o  in  the  Zodiac. 
About  a  Week  after,  when  the  Earth  is  in  1  in  it’s 
and  Mercury  is  at  1  in  his  Orbit,  he  will  appear  to 
be  at  1  in  the  Zodiac.  In  the  Like  Manner  when 
the  Earth  is  at  2,  3,  4,  5  &V.  in  iPs  Orbit,  and 
if  at  the  fame  time  Mercury  be  at  2,  3,  4,  5, 
in  his.  Mercury  wilibe  feen  to  be  in  2,  3,  4,  5, 
in  the  Zodiac.  So  that  from  the  Time  the 
Earth  leaves  o,  and  Mercury  leaves  o,  till  the 
Time  that  the  Earth  arrives  to  4  and  Mercury  to 
4,  the  Planet  appears  to  move  DireEf ,  and  it’s 
Motion  becomes  flower.  About  the  Time  the  Earth 
is  at  4*  and  Mercury  is  at  4  he  will  appear  Station 
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nary,  for  though  the  Tangent  Line  444  can  touch 
the  Orbit  of  Mercury  but  in  one  Point,  yet  a  little 
before  Mercury  arrives  at  that  Point,  and  a  little 
after  he  has  quitted  it,  he  will  be  found  to  appear 
very  nearly  in  one  and  the  fame  Point.  At  555 
he  appears  to  move  Retrograde ,  alfo  at  666  when 
he  is  in  his  Inferior  Conjundion,  and  at  777 
till  about  888,  he  is  again  Stationary ;  after 
which  at  999  and  10  10  io,he  becomes  again  Di - 
r effi  ?  and  more  fwiftly  at  ir  11  11  and  1  z  iz  12. 
The  Cafe  of  Venus,  is  the  fame. 

The  Superior  Planets  Mars ,  Jupiter ,  and  Saturn , 
are  by  Turns  Morning  and  Evening  Stars,  as  well 
as  the  inferior  ones  are;  and  they  alfo  appear 
Direfit ,  Stationary  and  Retrograde . 

Fig.  99.  Let  the  leffer  Circle  about  the  Sun  re- 
prefent  the  Orbit  of  the  Earth,  and  the  larger 
that  of  Jupiter ,  who  moves  through,  about  a  12th 
Part  of  his  Orbit,  while  the  Earth  compleats  it’s 
Revolution  round  the  Sun.  When  the  Earth  is  at 
0  in  it’s,  and  Jupiter  at  o  in  his  Orbit,  he  is  feen 
at  o  in  the  Zodiac,  about  a  Month  after  at  1 1 1  he 
appears  Direfit  ;  and  near  his  Coniundion  with  the 
Sun  ;  at  222  and  333  he  continues  Direfil  though 
more  (low  in  his  Motion  ;  about  444  he  is  Stationry ; 
at  555  he  appears  Retrograde ,  as  alfo  at  666  when 
he  is  in  Oppofition,  and  at  777,  till  about  888  ; 
and  then  he  is  again  Stationary  \  after  which  at  999 
and  10  io  io,  he  becomes  again  Dir  eft ,  and  more 
fwiftly  at  11  11  11  and  12  12  12.  The  Cafe 
of  Saturn  and  Marj  are  much  the  fame. 

Seeing  the  fuperior  Planets  appear  Direfil ,  Static- 
nary ,  and  Retrograde ,  the  Earth  muft  have  itys 
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annual  Motion  round  the  Sun  *  for  if  t  had  no 
fuch  Motion,  they  could  never  appear  other  wife 
than  Dire  ft. 

Alrologers  aferibe  to  the  flanets  a  certain  Influ¬ 
ence  they  conceit,  they  have  upon  us,  according 
to  their  different  dfpefts  and  by  which  they 
pretend  to  foretell  Events.  But  whoever  confiders 

the  vaft  Diftance  they  are  from  us,  and  the  proba¬ 
bility  of  their  being  habitable  Worlds,  will  not 

eaflly  be  induced  to  believe  fq  great  an  Abiur- 

a 

Of  Comets, 

Comets ,  or  Blazing-Stars  were  antiently  fuppofed 
to  be  Meteors,  or  Exhalations,  fet  on  Fire  in  the 
Atmofphere  ^  but  the  modern  Aftrononvrs  have 
found  that  they  are  not  only  above  the  Earth's 

1  i  %  Atmof- 

*  Afpefts  of  the  heavenly  Bodies,  fignify  their  Situation  in 
the  Zodiac,  with  refpeft  to  one  another,  of  their  Diftance  from 
one  another  in  Longitude.  The  Name  and  Chara&grs  of  the 
different  Afpedfs  are. 

1.  *  S  extile,  when  they  are  two  Signs,  or  60  Degrees 

aflunder. 

2.  □  Quartile ,  when  they  are  three  Signs,  or  90  Degrees 

diftant. 

3.  A  Trine ,  when  they  are  four  Signs,  or  lao  Degie.-s  from 

each  ether. 

4-  &  Oppojition ,  when  they  are  fix  Signs,  or  18 0  Degree 
afunder. 

5.  c f  Conjunfiisn,  ylm  they  Sire  in  thejamc  Sign  and  De¬ 

gree, 

™  - 
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Atmofphere,  but  that  they  are  even  beyond  the 
Moon's  Orbit.  It  is  probable  that  they  are  very 
excentrical  Planets,  which  move  periodically  round 
the  Sun,  or  that  their  Orbits  are  very  long Ellipfes? 
having  the  Sun  in  one  of  their  Foci . 

The  Motion  of  Comets  is  very  variable,  for 
fome  go  from  Weft  to  Eafl ,  others  from  Eaft  to 
Weft ;  fome  from  North  to  South ,  and  again  others 
from  South  to  North  ;  in  fhort  they  move  in  all 
Direffions,  fo  that  they  have  no  Zodiac  to  contain 
them. 

There  have  not  been  many  more  than  twenty 
Planets,  which  have  been  hitherto  obferved,  fo 
as  their  Paths  in  the  Heavens  have  been  particular- 
ly  traced  and  defcribed  ;  and  the  periodic  Times 
of  only  two  or  three  of  them  are  yet  known. 

When  the  Comets  defcend  near  to  the  Sun,  they 
become  vifible,  and  continue  fo  for  fome  Time, 
^till  they  afcend  again,  and  leave  him  ;  and  as  they 
remove  by  Degrees  from  the  Sun,  we  loofc  Sight 
of  them,  and  at  length  they  difappear,  and  are 
not  again  feen  for  a  long  Time, 

’When  a  Comet  defcends  near  the  Sun,  it  be¬ 
comes  greatly  heated,  and  it*s  Tail  feems  to 
be  a  long  and  lucid  Train  of  Vapours,  which 
iffue  from  the  Body,  in  a  contrary  Dire&ion  to 
the  Sun. 

Comets  are  divided  into  three  Kinds,  viz.  Cau « 
dati,  or  iailed ,  Barhati  or  Bearded ,  and  Criniti  or 
Hairy.  This  Divifion  does  not  arife  from  any 
real  Difference  there  is  in  the  Garnets  thenrjfelves. 
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but  from  different  Circumftances  of  the  fame 
Comet.  Thus, 

When  a  Comet  is  moving  toward  the  Sun,  the 
Train  of  Vapours  follows  it,  like  a  Tail. 

When  the  Comet  is  moving  from  the  Sun,  or 
when  it  has  left  it’s  Perihelion,  the  luminous  Va¬ 
pour  precedes  or  goes  before  it,  in  the  Manner  of 
a  Beard. 

When  the  Vapour  is  projeffced  diredly  behind 
the  Comet  with  refped  to  us,  it  is  almoft  from  our 
View  ;  for  we  then  fee  only  a  little  of  it  appearing 
round  the  Comet ,  like  a  Border  of  Hair .  This 
Appearance  is  owing  partly  to  the  Expanfion  ©f  the 
Train,  which  widens  as  it  recedes  from  the  Head 
of  the  Comet ,  by  which  Means  we  fee  fome  of  the 
remote  Vapours  about  it;  and  partly,  becaufe 
what  is  raifed  by  the  Heat  of  the  Sun,  is  thrown 
off  by  the  Nature  of  Gravitation,  the  contrary 
Way.  For  as  in  the  Atmofphere,  the  Smoke 
of  all  heated  Bodies,  afcends  from  the  Earth  to¬ 
wards  which  the  Body  gravitates;  fo  in  the  Hea¬ 
vens,  where  all  Bodies  gravitate  towards  the  Sun, 
Smoke  and  Vapours  muft  afctnd  from  the  Sun ; 
therefore  the  Vapours  which  arc  raifed  from  that 
Side  of  the  Comet  which  is  towards  the  Sun,  is 
turned  backwards,  and  thrown  the  contrary  Way* 
Confequently  when  the  Comet  is  oppofue  to  the 
Sun,  and  the  heated  Side  is  turned  towards  us  on 
the  Earth,  the  Vapours  which  muft  be  in  an  op- 
pofite  Direction  to  us,  in  returning  back,  are  feen 
round  the  Edge  of  the  Comets  Difk;  which  oc- 
cafions  us  to  compare  it  to  Hair,  becaufe  it  bears 
fome  Refemblance  thereto* 
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The  fail  or  Beards  of  a  Comet  appear  longer  or 
fborter,  nut  only  as  it  is  projected  to  a  greater  or 
lefs  Difiance  from  it,  but  becaufe  it  appears  to  us 
under  a  gre  tter  or  leffer  Angle.  When  the  I  ail 
is  feen  at  a  right  Angle,  it  then  appears  longeft, 
after  which,  as  the  Angle  under  winch  ir  is' fetn, 
becomes  more  and  more  acute,  it  will  appear  (till 
to  be  the  fihorter, 

Sir  Isaac  Newton  has  computed,  that  the  great 
Comet ,  which  appeared  in  ibBo  and  in  1681,  was 
©n  account  of  unufual  proximity  to  the  Sun, 
heated  to  fo  extraordinary  a  Degree,  that  it  was 
2000  Times  hotter  than  red  hot  Iron.  This  Comet 
goes  at  leaft  11200  Mil  ions  of  Miles  from  the 
Sun,  and  yet  it  does  not  arrive  within  a  40th 
Part  of  the  Diftance  to  the  fixed  Stars . 

Bodies  that  are  capable  of  bearing  f>  intenfe 
&  Heat,  without  being  entirely  difllpated  and 
deftroyed,  muff  needs  be  very  hard  and  folid  $ 
fuch  therefore  no  doubt  the  Comets  are. 

Hevelius ,  found  the  Diameter  of  the  Comet 
that  appeared  in  1665,  to  be  three  Times  greater 
than  the  Earth’s  Diameter;  and  confequently  it’s 
Solidity,  to  be  27  Times  greater  than  the  Earth’s. 
Spheres  being  to  one  another,  as  the  Cubes  of  their 
Diameters. 

I  he  Comet  that  appeared  in  1682,  is  fuppofed 
to  be  the  fame  that  appeared  in  1607,  and  before 

ln  153 1  ;  therefore  it’s  Period  mu  ft  be  75  or  76 
Years,  and  its  Return  may  be  expedted  in  1758. 
It’s  greateft  Diftance  from  the  Sun,  is  to  it’s  leaft, 
as  60  to  1  *  and  it’s  greateft  Light  and  Heat,  is 
to  its  leaft,  as 3 600  to  1, 
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The  Cowf/  that  appeared  in  i66i,  is  fuppofed 
to  be  the  fame  that  appeared  in  1532:  and  con- 
fequently  it’s  Period  is  about  126  Years,  and  it’s 
Return  may  be  expe&ed  in  1789.  It’s  greateft: 
Pittance  is  to  it’s  ieatt,  as  100  to  1  ;  and  it’s  great” 
eft  Light  and  Pleat  is  to  it’s  lead  as  10,000  to  1 
The  great  Comet  that  appeared  in  1680  and  in 
1681  is  fuppofed  to  be  the  fame  that  appeared  in 
the  44th  Year  of  the  Chriftian  i£ra,  and  again 
in  the  Year  of  our  Lord  531  or  532,  again  in  1106* 
and  laftly  in  1680;  therefore  it’s  Period  muft  be 
576  Years,  and  it’s  Return  may  be  expected  in 
the  Year  2256.  It’s  greateft  Diftance  is  to  it’s 
Jeaft,  as  20,000  is  to  i,  and  it’s  greateft  Light 
and  Heat  is  to  it’s  leaft  as  400,000,000  to  1. 

We  know  little  or  nothing  of  the  Ufe  of  Comets . 
They  feem  to  be  very  unfit  for  the  Habitation  of 
Animals,  becaufe  of  their  intenfe  Heat,  when 
they  are  near  the  Sun,  and  of  their  extream  Cold, 
when  they  are  fartheft  from  it  ;  yet  we  have  no 
room  to  doubt,  but  they  are  made  for  much  nobler 
Purpofes,  than  to  prefage  approaching  Calamities ; 
which  feveral  are  idle  enough  to  imagine  they  do. 

Of  the  Tides. 

The  whole  Globe  of  the  Earth  is  every  where 
preffed  by  Gravitation  towards  it’s  Center. 

If  the  Surface  of  the  Globe  of  the  Earth  were 
covered  with  a  Fluid,  and  if  fome  Parts  of  it’s  Sur¬ 
face  were  more  preffed  than  others,  the  Parts  which 
were  moft  preffed,  would  be  lowed,  or  neareft  to 
the  Center;  and  thofe  that  were  leaft  preffed, 

would  be  higheft  or  moft  diftant  from  the  Center. 

The 
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The  Sun  and  Moon  attract  and  are  attra&ed  by 
the  Earth,  and  the  Force  of  their  Attraction  per- 
vades  the  whole  Globe.  But  the  Moon’s  Attrac¬ 
tion  is  ftronger  than  that  of  the  Sun,  becaufe  fhe 
is  much  nearer  to  the  Earth  than  the  Sun  is. 

The  EfFeCts  of  the  Moon’s  Attraction  upon  the 
Fluids  of  the  Earth,  to  alter  their  natural  fpherica! 
Form,  muft  be  as  follow. 

The  Middle  Point  of  that  Hemifphere  of  the 
Earth,  which  is  next  to  the  Moon,  being  more 
attracted  by  the  Moon  than  any  other  Part  of 
that  Hemifphere,  will  by  that  Means  be  leaft  pref- 
fed  upon  by  it’s  own  central  Gravitation  *,  and 
therefore  the  Waters  will  rife  higheft  in  that  Point. 
The  Point  which  is  diametrically  oppofite  to  the 
aforCfaid  Point  in  the  other  Hemifphere,  or  that 
Point  of  the  Earth,  which  is  fartheft  from  the 
Moon,  being  Jefs  attracted  by  the  Moon  than  all 
it’s  other  Parts,  will  therefore  be  left  behind  them  ; 
from  whence  it  will  follow,  that  the  Surface  of 
the  Water  at  the  Middle  of  that  Hemifphere  will 
be  higher,  or  more  remote  from  the  Center,  than 
in  any  other  Part.  Thefe  two  middle  Points  will 
therefore  be  higheft  in  their  refpeClive  Hemif- 
pheres;  the  one  being  really  more  elevated,  and 
the  other  being  lefs  deprejfed  by  the  Moon’s  Attrac¬ 
tion,  than  the  adjacent  Parts,  and  confequently 
the  Earth  may  be  looked  upon  to  be  of  a  fpherio- 
dical  or  oval  Figure,  whofe  longeft  Axis  if  pro* 
duced,  would  pafs  through  the  Moon.  Now  by 
the  Earth’s  Rotation,  thefe  higheft  Points  will 
be  continually  Ihifting  their  Surface;  from  whence 
there  will  follow  two  Flood  Tides  and  two  Ebb  Tides 
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in  the  Space  of  25  Hours;  in  which  Time  the 
Moon  removes  from  the  Meridian  of  any  Place* 
to  the  fame  Meridian  again. 

When  the  Sun  and  Moon  are  in  Conjunction 
with,  or  in  Oppofnion  to  each  other,  that  is  at 
New  or  Full  Moon ;  the  Attraction  of  thefe  two 
Bodies,  aCting  upon  the  Earth  in  the  fame  Right 
Line,  their  Force  becomes  united  and  fo  raifes 
the  Waters.  And. thus  Spring  Tides  are  produced. 

When  the  Moon  is  in  her  Quadratures,  her  At¬ 
traction  aCts  in  one  Direction,  and  the  Sun  in 

■  ;  "i  •’l  :  :  ’ 

a  quite  contrary  one  *,  by  this  Means  they  correct 
or  counteract  one  another,  the  Moon  raifing  the 
Waters,  where  the  Sun  deprefles  them,  and  the  Sun 
raifing  the  Waters  where  the  Moon  deprefles 
them.  And  thus  Neap-Tides  are  produced. 

It  is  plain,  that  if  the  two  Protuberances,  or 
Summits  of  Water,  were  always  exaCtly  at  the 
Poles  of  the  Earth,  there  would  be  no  riling  and 
falling  of  Waters,  by  means  of  the  Earths  Rotati¬ 
on,  or  no  Tides  at  all ;  for  it  would  connantly  be 
high  Water  at  the  Poles,  and  low  Water  all  round 
the  Equator.  And  were  the  two  Summits  of 
Waters  upon  the  Equator,  or  at  their  greateft 
Pittance  from  the  Poles  ;  the  Rife  and  Fall  ol  the 
Waters,  by  means  of  the  Earths  Rotation,  would 
then  be  greateft:  Therefore  the  nearer  thefe  Sum¬ 
mits  are  to  the  Poles,  the  Rife. and  Fall  of  the  Wa¬ 
ters  are  lefs,  than  when  they  are  nearer  the  Equator. 
Confequently  when  the  Sun  and  Moon  are  in  Con¬ 
junction  or  Oppofition,  in  pr  near  the  EquinoClial, 
as  in  March  or  September ,  the  Springtides  muft  rifc 
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higher,  the  Summits  being  then  upon  the  Equator, 
than  when  they  are  in  Conjunction  or  Oppofition 
jn  the  Tropics  as  in  June  and  December .  And  the 
Moon  being  in  the  Tropics  at  her  Quadratures  in 
March  and  September ,  and  in  the  Equinoftial  at  her 
Quadratures  in  June  and  December ,  the  Neap  Tides 
will  be  lefs  vigorous  in  the  former  Months,  than 
in  the  latter.  And  bcfides  when  the  Moon  is  in 
the  Tropics  at  her  Quadratures  the  Sun  is  in  the 
Equinoctial ;  therefore  the  Rife  and  Fall  of  the 
Waters  by  his  Influence,  counteracting  that  of  the 
Moon,  is  then  greateft,  though  flill  lefs  than  that 
of  the  Moon;  and  confequently  the  Neap  Tides  and 
will  then  be  weakeft.  But  when  the  Moon  is  in 
the  Equinoctial  at  her  Quadratures,  the  Sun  is  in 
the  Tropic,  whofe  Influence  in  counteracting  the 
Moon,  is  then  lead ;  therefore  the  Neap-Tides  will 
then  be  ftrongeft.  fo  that  the  Difference  between 
the  Spring  and  the  Neap-Tides  is  much  lefs  confi* 
derable  at  the  Solfiicial ,  than  at  the  Equinoctial 
Seafons. 

Yet  the  higheft  Tides  of  the  Year  are  obferved 
to  be  fometime  before  the  Vernal,  and  forneiimc 
after  the  autumnal  Equinox,  viz.  in  February  and 
October  *,  which  is  owing  to  the  Sun’s  being  nearer 
the  Earth  in  the  Winter  Months,  when  confe¬ 
quently  the  Force  of  his  Attraction  on  the  Waters, 

greater,  than  in  the  Summer  Months. 

It  has  alfo  been  obferved,  that  in  this  Part  of 
the  World,  the  Tides  rife  higher  when  the  Moon 
is  in  the  Northern  Signs,  at  the  Time  of  her  com¬ 
ing  to  the  Meridian  above  our  Horizon,  and  when 
|he  is  in  the  Southern  Signs  at  the  Time  ot  her 

com- 
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coming  to  the  Meridian  below  the  Horizon, 
than  when  fhe  is  in  the  Southern  Signs  above  our 
Horizon,  and  in  the  Northern  Signs  below  it. 
The  Reafbn  of  which  will  evidently  appear  upon 
the  Globe,  viz.  That  in  the  former  Cafes,  the 
Moon  is  nearer  to  our  Zenith  and  Nadir,  when 
fhe  is  upon  our  Meridian,  or  at  the  Time  of  high 
Water,  and  confequently  we  are  then  nearer  to 
the  Summits  of  Water,  than  in  the  two  latter  Caf¬ 
es.  Though  the  Force,  by  which  the  Tides  are 
raifed  is  continually  increafing,  from  the  Time 
of  the  Moon’s  Quadrature  to  her  Conjunction  or 
Oppofition,  after  which  it  gradually  decreafes  un 
till  the  next  Quadrature;  yet  the  higheft  Spring- 
Tide  is  not  juft  at  the  New  or  Full-Moon,  but 
a  Day  or  two  after;  which  is  thus  accounted 
for. 

If  we  conceive  every  Tide  to  be  raifed  by  a 
dcuble  Force,  viz.  Some  Part  of  the  f  orce  by 
which  the  laft  Tide  was  raifed  ftill  remaining,  and 
the  Force  of  a  new  Impulfe.  When  both  thefe 
together  amount  to  more  than  the  whole  Force, 
which  raifed  the  laft  .Tide,  the  prefent  Tide  muft 
rife  higher  than  the  laft  dia-.  Sjjppofe  the  remain¬ 
ing  Force  to  be  always  half  the  whole  Force  of 
the  laft  Tide,  and  that  the  new  Impulfe,  juft  at 
New  or  Full-Moon  be  15,  and  the  whole  Force 
with  which  that  Tide  is  raifed  be  22, 

Let  the  new  Impulfe  of  the  next  Tide  be  but 
14;  then  14  and  11,  (half  of  22)  will  be  equal 
to  25  :  This  Tide  will  therefore  be  higher  than 
the  laft.  Let  the  new  Impulfe  of  the  next  Tide 
be  but  13;  then  13  and  i2i,  (half  of  25)  will 
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be  equal  to  25I.  Confequently  this  Tide  will  rife 
ftill  higher  than  the  laftdid;  though  the  Force 
of  the  A&ion  of  the  two  Luminaries,  by  which 
the  Tides  are  raifed,  is  now  confiderably  abated. 

For  the  fame  Reafon,  the  deadeft  or  loweft 
Neap-Tides  will  fall  out,  not  prefcifely  at  the 
Moon’s  Quarters,  but  fometime  after. 
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>  .  AND 

USE  of  the  GLOBES, 

GLOBE  or  Sphere  is  a  round  Body, 
.  whofe  Surface  is  every  where  equally  diftant 
from  it’s  Center.  It  may  be  conceived  to  be 
formed  by  the  Rotation  of  a  Semi-circle  about  it’s 
Diameter. 

The  two  Globes  of  which  we  here  mean  to  treat, 
are  artificial  fpheh'cal  Bodies;  The  one  is  called 
the  Terreftrial  or  the  "Terraqueous  Globe  *,  becaufe  it’s 
Surface  comprehends  a  juft  Reprefentation  of  the 
Globe  of  the  Earth  as  it  confifts  of  Land,  and 
Water;  And  the  other  upon  which  the  Starry 
Firmament  is  defcribed,  is  called  the  Celeftial  Globe J 
We  will  therefore  proceed  to  give  a  Defcription 
of  fuch  Things  as  are  common  to  both  Globes, 
and  of  thofe  which  are  peculiar  t*o  the  Terreftrial 
Globe,  and  fo  to  it’s  Ufe  *,  and  then,  after  (hewing 
the  Parts  which  are  peculiar  to  the  Celeftial  Globe, 
we  will  proceed  to  fhew  it’s  Ufe. 
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There  are  Things  as  well  without,  as  upon  the 
Surface  of  each  Globe,  which  are  common  to  both 

Globes,  viz. 

i0  The  two  Poles  9  are  the  Ends  of  the  Spindle 
or  Axis*  upon  which  the  artificial  Globe  turns  ;  or 
they  are  the  Ends  of  the  imaginary  Axis  of  the 
Earth.  One  of  thefe  is  called  the  Northr  or  the 
Attic  Pole,  from  two  Bears  that  are  near  it ;  and 
the  other  the  South ,  or  the  Antartk  Poley  being 
oppofite  to  the  former*. 

2.  The  large  graduated  Brafs  Circle,  which  cir- 
eumfcribes  the  Globe,  and  which  pafifes  through 
the  Poles  is  called  the  Brazen  Meridian .  It  divides 
the  Globe,  into  two  equal  Parts  called  the  Eaftem 
and  Weftern  Hemifpheresy  and  it  is  divided  into 
four  Quadrants  of  90  Degrees  each,  two  of  which 
are  numbered  from  it*s  Middle  to  each  Pole,  and 
the  other  two  are  numbered  from  each  Pole  tilj 
they  meet  in  it’s  Middle.  The  graduated  Edge 
of  this  Meridian  reprcfeuts  the  Meridian  of  any 
Place,  when,  by  turning  the  Globe,  the  Place  is 
brought  juft  under  it. 

3.  The 

?  *  *  .  .  ! 


*  It  will  be  here  neceHary  to  obferve,  that  the  Circles  which. 
<nre  either  about  or  upon  the  Surface  of  the  Globe  are  diftin- 
guilhed  into  Greater  and  LeJJ'er  :  the  greater  Circles  divide  tho 
Globe  into  two  equal  Parts  called  Hemifphere x,  and  the  tejjer 
Circles  divide  the  Globe  into  two  unequal  Parts :  Alfo,  that  every 
Circle  whether  great  or  fmall,  is,  or  at  leaft  is  fuppafed  to  be 
divided  into  360  equal  Parts  called  Degrees,  and  every  of  thefe 
into  60  equal  Parts  called  Minutes:  But  a  Degree  in  a  great 
Circle,  will  be  in  the  fame  Proportion  to  one,  in  a  fmall  Circle* 
juft  as  the  Circumference  of  one  Circle  is  to  the  other  j  a  Semi¬ 
circle  therefore  contains  180  Degrees*  and  ^Quadrant  90  De° 
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3.  The  Rational  Horizon  is  the  upper  Edge  of 
Che  wooden  Circle,  in  which  the  Globe  (lands;  it 
divides  the  Globe  into  an  upper  and  a  lower  He- 

mifphere:  It  is  fo  called  to  diftinguifh  it  from  the 
Senjible  Horizon ,  which  limits  our  Profpe£t  quite 
round  us. 

When  the  Sun  or  a  Star  gets  above  the  Rational 
Horizon,  it  is  then  faid  to  rife ;  and  when  they 
fink  beneath  it,  they  are  then  faid  to  fet.  Now 
though  the  rational  and  fenfible  Horizons  differ 
by  the  Semidiameter  of  the  Earth,  yet  becaufe 
the  Heavenly  Bodies  arc  of  a  vafl  Diflance  from  us, 
they  may  be  confidered  as  one  and  the  fame.  For 
the  whole  Earth  is  but  as  a  Point  in  comparifon  of 
the  Sun. 

Upon  the  upper  Surface  of  the  wooden  Frame 
or  Horizon  are  exhibited.  (Counting  from  the 
out  Side.)  1.  The  32  Rumbs  or  Points  of  the  Mari¬ 
ners  Compafs,  of  which  the  Eaft ,  Wefty  Norths  and 
South  are  called  the  Cardinal  Points ,  dividing  the 
Horizon  into  four  equal  Parts  ;  and  Lines  drawn 
from  any  Point  upon  the  Surface  of  the  Globe 
towards  the  feveral  Rumbs,  are  called  Rumh - 
Lines. 

2.  The  Days  of  every  Month  according  to  the 
Gregorian  Account. 

3. ' The  like  according  to  the  Julian  Account, 
and  4.  The  twelve  Signs  of  the  Zodiac  are  next 
diftinguifhed  by  their  Names,  Characters,  and 
Symbols;  each  Sign  being  divided  into  30  De* 
grees. 

4.  The  Quadrant  of  Altitude  is  a  narrow  thin 
Plate  of  pliable  Brafs,  whofe  Edge  is  divided  into 

90 
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90  Degrees*  and  is  exadtly  equal  to  one  fourtk 
Part  of  the  Brazen  Meridian.  To  the  Top  or 
upper  Part  or  Zenith  of  this  Meridian,  it  is  fcrew- 
ed  when  it  is  ufed ;  which  Part  is  every  where  9© 
Degrees  diftant  from  the  Horizon. 

5  The  Horary  Circle  is  a  fmall  Circle  of  Brafs, 
which  is  divided  into  twice  12  Hours:  It  is  fo  fix¬ 
ed  to  the  Brazen  Meridian,  that  the  Pole  carries 

^  * 

round  the  Hand  which  fhews  the  Hour,  and  is 
the  Center  of  the  Circle:  The  Hours  upon  th® 
Eaft  or  graduated  Side  of  the  Meridian,  are  the 
Morning  Hours,  and  thefe  on  the  Weft  Side  are 
the  Evening  Hours. 

6.  A  Mariner  /  Compafs  is  fometimes  placed  oa 
the  Pedeftal  or  Frame,  in  order  that  the  North, 
South,  Eaft  and  Weft  Points  on  the  wooden  Ho¬ 
rizon,  may  point  to  thofe  Parts  of  the  Heavens. 

7.  The  Semicircle  of  Pofttion  is  a  narrow  thin 
Plate  of  pliable  Brafs,  divided  into  180  Degrees^ 
and  is  exadtly  equal  to  half  the  Brazen  Meridian, 
or  it  may  be  termed  a  double  Quadrant  of  Altitude. 
It’s  Extremities  are  fixed  to  the  North  and  South, 
fo  that  it  may  be  moved  freely  from  the  Horizon 
to  the  Meridian  to  any  Pofition. 

Thefe  Things  we  have  defcribed  are  without  th* 
Surface  of  each  Globe.  But  on  the  Surfaces  are 
the  following  Particulars  delineated. 

1.  The  Equator  or  Equinoctial  Circle,  or  as  Sai¬ 
lors  term  it,  the  Line ,  is  that  great  Circle  which 
lies  in  the  Middle  between  the  Poles.  From  this 
Line  the  Degrees  of  Latitude  are  counted  towards 
each  Pole.  It  divides  the  Globe  into  the  Northern 

and 
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and  Southern  Hemifphercs,  and  it  is  divided  into 
360  Degrees  from  Y. 

2  The  Semicircles  which  extend  from  Pole  to 
Pole,  and  cut  the  Equator  at  Right  Angles  are 
called  Meridians .  If  360  fuch  Semicircles  were 
drawn  at  equal  Diflances  quite  round  the  Globe, 
they  would  mark  out  the  Degrees,  which  are 
numbered  upon  the  Equator,  and  are  counted 
from  the  firft  Meridian  that  ufually  paffes  through 

Y* 

The  Ecliptic  is  a  great  Circle  that  cuts  the  Equa¬ 
tor  obliquely  in  the  two  oppofite  Points  y  and  su, 
making  with  it  an  Angle  of  23!  Degrees  *,  it  is  dE 
vided  into  12  Signs  each  of  30  Degrees,  in  all 
360.  Thefe  12  Portions  are  called  by  12  different 
Names,  viz. 

1  '  =  ‘ 

i.  Y  Aries,  the  Ram.  2.  b'  Taurus,  the  Bull.  3 

IT  Gemini,  the  1 Twins .  4.  ^  Cancer,  the  Crab .  5. 

Si  Leo,  the  Lion.  6.  Virgo,  the  Virgin  7. 
Libra,  the  Ballancey  8  nt.  Scorpio  the  Scorpion . 
S  Sagittarius,  the  Archer.  10.  yp  Capricornus, 
the  Goat.  11.  Aquarius,  the  Water er.  12.  X 
Pifces,  the  Fijhes. 

On  the  Noon  of  every  Day  the  Sun  is  on  the 
Ecliptic,  and  paffes  quite  through  it  in  a  Year; 
therefore  if  the  refpedlive  Places  of  the  Sun  every 
Day  at  Noon,  were  united  by  Lines,  the  Whole 
would  form  the  Ecliptic. 

The  apparent  Motion  of  the  Sun  through  the 
Ecliptic  in  a  Year,  is  to  be  thus  underftood.  If  at 
Noon  one  Day  the  Sun  be  in  a  certain  Sign  and 

L  1  Degree 


2SS  i  COURSE  < 

Degree  of  the  Ecliptic ;  he  from  that  Time  till 
the  Noon  of  the  next  Day,  moves  nearly  parallel 
to  the  Equator,  and  then  is  found  to  have  advan¬ 
ced  about  a  Degree  farther  in  the  Ecliptic:  When 
he  quits  this,  he  moves  on  nearly  parallel  to  the  E- 
quator,  and  by  the  Noon  of  the  next  Day  he  is  found 
ftill  to  advance  in  the  Ecliptic  about  a  Degree  far¬ 
ther,  and  fo  on  every  Day  ;conftantly  moving  nearly 
but  never  exactly  Parallel  to  the  Equator;  like  & 
Screw  that  rifes  or  falls  as  it’s  Circumference  is  car¬ 
ried  round, 

4  The  Lejfer  Circles  are  the  Tropics,  and  the 
Tolar  Circles .  The  two  Tropics  are  each  23I:  De¬ 
grees  diftant  on  either  Side  of  the  Equator,  and 
are  parallel  thereto.  That  on  the  North  Side  is 
called  the  Tropic  of  Cancer ,  to  which  the  Sun  is 
vertical  at  the  Summer  Solftice,  and  paffes  through 
the  Sign  S'  Cancer .  That  on  the  South  Side  is 
called  the  Tropic  of  Capricorn ,  towhich  the  Sun  is 
vertical  in  our  Winter  Solftice, and  paffcs  through' 
the  Sign  Capricornus . 

5.  The  two  Polar  Circles  are  parallel  to  the 
Tropics,  each  at  23!  Diftance  from  it’s  Pole, 
The  Northern  Polar  Circle  is  called  the  Artie  Cir~ 
cle,  and  the  Southern  one,  the  Antartic  Circle . 

The  Parts  we  have  thus  far  deferibed  are  com¬ 
mon  to  both  Globes,  and  the  following  are  pecu¬ 
liar  to  the  Terreftrial  Globe  only. 

1.  The  Degrees  upon  the  Brazen  Meridian, 
which  are  numbered  from  the  Equator  o,  10,  20, 
30,  &c.  to  go  or  to  each  Pole,  are  of  ufe  to  de¬ 
termine  the  Latitude  of  any  Place ,  or  it’s  neareft 
Diftance  from  the  Equator.  And  the  Degrees 

which 
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which  are  numbered  from  each  Pole  o,  io,  20, 30, 
£ 6c.  to  90  or  to  the  Equator,  are  of  ufe  to  elevate 
the  Pole  to  any  Degree  of  Latitude.  Hence  it 
is  plain  that  thofe  who  live  under  the  Equator 
only,  have  no  Latitude.  Thofe  that  are  neareft 
to  it  have  their  Latitude  Jefs  than  thofe  that  are 
farther  off;  and  that  no  Place  can  have  its  Latitude 
more  than  90  Degrees,  as  the  Latitude  of  the 
Poles  themfelves  are  but  90. 

2.  The  360  Degrees  upon  the  Equator,  which 
are  ufually  numbered  from  the  Meridian  which 
paffes  through  Y,  and  which  is  thence  called  the 
Primary  or  the  firft  Meridian ,  are  of  ufe  to  deter¬ 
mine  the  Longitude  of  any  Place ,  or  how  many 
Degrees  of  the  Equator,  the  Meridian  of  any 
Place  is  removed  from  the  Primary  Meridian, 
But  this  is  the  old  Method  of  counting  the  Longi¬ 
tude. 

The  new  Method  is,  to  draw  a  Meridian  through 
the  Metropolis  of  the  Kingdom,  wherein  the 
Globes  are  made  ;  and  from  the  Point  where  this 
inter fe£ts  the  Equator,  the  Equator  is  to  be  di¬ 
vided  on  either  Side,  or  to  the  Eafl  and  Weft, 
to  180  Degrees,  hill  the  two  x8o’s  meet.  On 
$enev?s  Globes,  the  Longitude  is  expreffed  accord¬ 
ing  to  the  old  Method,  and  it  is  alfo  fet  out  from 
a  Meridian  which  paffes  through  London*  accord¬ 
ing  to  the  new  Method. 

Hence  his  plain,  that  all  places  which  are  under 
the  Meridian  from  whence  Longitude  is  reckoned® 
have  no  Longitude.  That  according  to  the  old 
Way  of  counting,  the  Longitude  is  numbered 
with  the  Sun  and  never  exceeds  360  Degrees, 
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That  according  to  the  new  Way,  if  the  Primary 
Meridian  be  fet  under  the  graduated  Edge  of  the 
Brazen  Meridian,  that  the  GJobe  is  then  divided 
into  two  Hemifpheres,  termed  the  Eaftern  and 
Weftern  ones  ;  in  which  Cafe  the  Longitudes  of 
all  Places  are  to  be  confidered  to  be  Eaft  or  Weft, 
as  they  lie  on  the  one  or  on  the  other  Side  of 
this  Meridian,  and  that  the  greateft  Longitude  can’ 
not  exceed  180  Degrees. 

If  360  the  Degrees  which  go  quite  round  the 
Equator,  be  divided  by  24,  the  Hours  in  a  Day 
and  a  Night,  the  Quotient  15  will  fhew,  that  the 
24  Meridians  called  alfo  Hour  Circles  which  are 
ufually  drawn  on  Globes,  are  to  be  at  15  Degrees 
alunder;  becaufe  the  Places  through  which  each 
of  them  pafs,  have  Noon  an  Hour  earlier  than  at 
1 5  Degrees  more  We  ft  ward,  and  later  at  1 5  De¬ 
grees  more  Eaftward ;  and  thefe  24  Meridians 
exadUy  correfpond  with  the  24  Hours  on  the  Ho¬ 
rary  Circle. 

Hence  it  is  plain,  that  if  we  have  the  Longitudes 
of  two  places  given,  we  may  tell  how  much  fooner, 
or  la»ter,  the  one  has  the  Sun  upon  it’s  Meridian 
than  the  other.  Or  if  we  have  the  Longitude 
of  one  Place  and  the  Difference  of  Time  between 
that  and  another  Place,  which  is  the  Difference  of 
Longitude ,  we  may  know  the  Longitude  of  the 
laft  Place. 

3.  Parallelsof  Latitude  are  all  Circles  on  the 
Globe  which  run  parallel  to  the  Equator. 

Becaufe  the  Meridians  are  wideft  afunder  at  the 
Equinoctial,  and  that  their  Diftance  diminifhes  the 
more,  as  the  Parallel  is  nearer  to  the  Pole  >  it  there¬ 
fore 
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fore  follows  a  Degree  or  any  Number  of  Degrees 
of  the  Equator,  muft  be  lefs  than  a  Degree  or 
any  like  Number  of  Degrees  in  any  parallel. 

Of  the  Divifions  of  the  Earth. 

The  Surface  of  the  Tcrreftrial  Globe  admits 
©f  feveral  Divifions. 

1.  It  is  divided  into  five  Zones ,  or  Belts,  which  ' 
encompafs  it  and  they  bear  their  Names  from 
their  different  Degrees  of  Heat.  viz.  One  Tor¬ 
rid  Zone ,  two  Temperate  Zones ,  and  two  Frigid 
Zones. 

The  Torrid  Zone  is  contained  between  the  two 
Tropics. 

The  Temperate  Zones  are  contained  between  the 
Tropics  and  the  Polar  Circles,  and  the  Frigid  Zones 
are  contained  within  the  Polar  Circles. 

2.  The  Earth  is  divided  into  feveral  Parts  by 

Climates . 

Climates  are  contained  between  Parallels  of  La¬ 
titude,  drawn  at  fuck  a  Diftance  from  each  other 
as  that  the  longefl  Day  at  the  leffer  Parallel,  may 
exceed  that  at  the  next  greatefl  Parallel  by  half 
an  Hour. 

There  are  24  Climates  between  the  Equator  and 
each  Polar  Circle,  which  become  narrower  as  they 
approach  the  poles-  And  there  are  fix  other  Cli¬ 
mates  from  each  Polar  Circle  to  it’s  Pole,  which 
exceed  one  another  by  a  Month. 
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A  TABLE  of  the  CLIMATES. 
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3  With  refpeft  to  the  Horizon  ;  fome  have  the 
Poles  in  the  Horizon,  others  have  their  Poles 
in  the  Zenith  and  Nadir-,  and  again  others 
have  their  Poles  between  the  Horizon  and  the 

>  t  • ,  ^ .  -* 

Zenith  and  Nadir. 
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Such  as  have  their  Poles  in  the  Horizon,  are 
faid  to  be  in  a  Right  Sphere ,  becaufe  the  Equator 
and  all  the  Parallels  are  perpendicular  to  the  Ho¬ 
rizon,  or  cut  it  at  Right  Angles.  The  Inhabit  1 
tants  under  the  Equator  are  thofe  to  whom  this 
Sphere  or  Pofition  of  the  Globe,  is  only  peculiar, 
where  the  Sun  and  Stars  always  rife  and  fet  perpen¬ 
dicularly,  and  where  they  have  equal  Day  and 
Night  throughout  the  whole  Year. 

Such  as  have  their  Poles  in  the  Zenith  and  Na¬ 
dir,  are  faid  to  be  in  a  Parallel  Sphere ,  becaufe  the 
Equator  and  all  the  Parallels  are  then  parallel  to 
the  Horizon,  The  Inhabitants  fif  any)  who  are 
under  the  Poles,  this  Sphere  is  only  peculiar  to  i 
where  they  have  but  one  Day  and  one  Night  in  a 
Year. 

Such  as  have  their  Poles  obliquely  fituated,  or 
whole  Poles  lie  between  the  Horizon  and  the  Ze* 
nith  and  Nadir,  are  faid  to  be  in  an  Oblique  Sphere 9 
becaufe  the  Equator  and  the  Parallels  cut  the  Ho¬ 
rizon  obliquely.  The  Inhabitants  of  this  Sphere 
are  they  who  live  on  all  Parts  of  the  Earth,  ex¬ 
cept  under  the  Equator,  or  Poles  ;  and  their  Pole 
mu  ft  neceflarily  be  elevated  as  much  above  the 
Horizon,  as  is  the  Latitude  of  the  Place,  in  order 
that  the  Place  may  be  in  the  Zenith,  and  that  it’s 
Inhabitants  may  have  the  Horizon  quite  round 
them*,  as  the  Inhabitants  at  every  Place  on  the 
Earth  have. 

4.  The  Inhabitants  of  the  Earth  are  divided 
with  refpecft  of  one  another  into  Antaci ,  Peri*eci9 
and  Antipodes , 


Thofe 
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Thofe  who  live  on  contrary  Sides  of  the  Equa¬ 
tor,  having  their  Latitudes  equal,  and  who  are 
under  the  fame  Meridian,  or  who  have  the  fame 
Degree  of  Longitude  are  called  Antceci.  The 
Hour  is  conftantly  the  fame  in  both,  but  the 
Seafdns  of  the  Year  are  contrary. 

Thofe  who  are  in  the  fame  Latitude,  but  in 
oppofite  Meridians  or  whofe  Longitudes  differ  180 
Degrees,  are  called  Periled.  Their  Seafons  of 
the  Year  are  the  fame,  but  their  Days  and  Nights 
are  contrary. 

Thofe  who  live  in  oppofite  Parallels  and  Meri¬ 
dians  are  called  Antipodes ...  Their  Days,  Nights, 
and  Seafons,  are  all  contrary  to  one  another. 

•  5.  The  Natural  Livijion  of  the  Earth,  is  that 
which  Nature  has  made  by  Land  and  Water  *,  The 
Land  being  divided  into  Continents ,  IJlands ,  Benin- 
fulas^  IJlbmus’s ,  Promontories ,  Mountains , 
and  the  Water  is  diflinguifhed  into  Oceans?  Seat , 
Gulphsy  S trait s.  Lakes ,  Rivers ,  &c. 

A  Continent  is  a  large  Trad  of  Land  containing 
feverai  Countries,  Kingdoms,  and  States,  without 
having  any  of  it’s  Parts  feperated  by  Water. 

An  JJland  is  a  Trad  of  Land  every  where  fur- 
rounded  with  Water. 

A  Peninfula  is  a  Trad  of  Land  which  extends 
itfelfinto  the  Sea,  and  is  every  where  furrounded 
with  Water,  but  in  a  narrow  Neck,  which  joins 
it  to  the  Continent.  And  that  narrow  Neck  is 
called  an  IJihmus . 

A  ^Promontory  is  a  Cape  or  Head-Land  which  fhoots 
it  felf  into  the  Sea. 


A  Moun- 
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A  Mountain  is  a  high  rifing  Ground  or  Emi¬ 
nence,  which  overlooks  the  adjacent  Country- 

The  Ocean  is  properly  that  general  CoMedtion 
of  Water,  which  walhes  the  feveral  Parts  of  the 
Land  and  Continent. 

A  Sea  is  a  Part  of  the  Ocean  interrupted  by 
,  divers  I flands,  and  nearly  environed  with  Land. 

A  Gulph  is  nearly  the  fame  Portion  of  the  Sea* 
as  a  Peninfula  is  of  Land. 

A  Strait  called  fometimes  a  Channel ,  is  an  open 
narrow  Pafiage  between  any  two  Shores, 

A  Lake  is  a  Collection  of  Waters  furrounded 
with  Land,  which  has  no  vifibie  Communication 
with  the  Sea. 

A  Creek  is  a  narrow  Part,  or  Arm  of  the  Sea 
running  a  little.  Way  into  the  Land. 

A  Bay  is  a  much  larger  Inlet,  and  more  fafe  and 
capacious  for  Ships  to  Anchor  in. 

A  River  is  a  confiderable  Stream  of  frefh  Water 
iffuing  from  one  or  many  Fountains,  which  unit* 
ing  with  what  tricles  from  the  Sides  of  Hills,  forms 
it  felf  into  one  or  more  Channels  through  which  it 
pafifes,  till  it  is  difcharged  into  the  Sea. 

There  is  another  Divifion  of  the  Earth  called 
the  Political  Divifion  which  is  made  by  Men,  who 
have  diftinguifhed  it  into  four  Parts  or  Quarters  % 
and  thofe  again  into  Empires ,  Kingdoms ,  States ,  Re¬ 
publics,  Principalities ,  Provinces ,  Parifloes ,  See. 
for  a  particular  Defcription  of  which  we  refer  to 
Mr.  Gordon's,  or  to  Mr.  Salmon's  Geographical 
Grammers,  or  to  larger  Sy (terns. 
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The  XJfe  ef  the 

Ter  reft  rial  GLOBE. 

PROBLEM  I. 

To  find  the  Latitude  and  Longitude  of  any  given  Place 

upon  the  Globe . 

BRING  the  given  Place  to  the  graduated 
Edge  of  the  Brazen  Meridian  ;  then  the  De¬ 
gree  of  the  Meridian  that  is  over  the  given  Place, 
will  fhew  it’s  Latitude ;  and  the  Degree  of  the 
Equator  which  is  at  that  Time  under  the  Meridian., 
will  be  the  Longitude  of  the  Place, 

P  R  O  B.  IL 

The  Latitude  and  Longitude  of  a  Place  given,  to  find 
that  Place  upon  the  Globe . 

Bring  the  given  Longitude  to  the  Brazen  Me¬ 
ridian,  and  holding  the  Globe  Ready,  find  the 
'  given  Degree  of  Latitude  upon  the  Meridian ; 
and  the  Place  which  lies  under  it,  is  that  required, 

V 

'  / 

PROB,  III. 

Ike  Latitude  of  a  Place  being  given.,  to  find  all  Places 
tm  the  Globe  that  are  in  the  fame  Latitude. 

With 
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With  a  Chalk,  mark  the  Degree  of  Latitude 
upon  the  Brazen  Meridian  ;  and  turning  the  Globe 
quite  round,  obferye  what  Places  pals  under  the 
Chalk  ;  for  thofe  are  they  which  haye  the  fame 
Latitude  with  the  given  Place. 

PROB.  IV. 

To  find  the  Diftance  between  any  two  Places  on  the 

Globe . 

*  ¥•  •  * 

.  -?  r  . 

Lay  the  Quadrant  of  Altitude  on  both  Places; 
or  take  their  Diftance  with  a  pair  of  Compares 
and  apply  it  to  the  Equator.  The  Number  of 
Degrees  between  them  counted  on  the  Quadrant, 
or  that  is  between  the  Feet  of  the  Compaftes  on 
the  Equator,  will  be  the  required  Didance  in  De¬ 
grees,  which  multiplied  by  70,  the  Miles  in  3, 
Degree,  fliews  their  Diftance  in  Miles, 

H  •  N  /  V  *  , . '  .  *  '  ‘  •  ■  1  *  ' 

f  •'»  f  .  ‘  >. 

P  R  O  B.  V. 

rt  S  V  v  *  . 

,<  ;  l  ■  1  )  ■*  :  * '  *•  1  -  t  • 

To  find  tlpe  Antseci,  Perkeci,  and  Antipodes,  of 
any  given  Place  on  the  Globe . 

Bring  the  given  Place  to  the  Brazen  Meridian ; 
and  having  found  it’s  Latitude,  count  the  fame 
Latitude  on.  the  Meridian  towards  the  contrary  Pole, 
and  the  Place  under  that  Latitude  will  be  that  of 

.  .  -  .  i  •  •  -  •  '*■  "■  *■*.  --A  •  1 

the  Ant<eci. 

Keep  the  given  Place  to  the  Brazen  Meridian, 
and  fet  the  Hour  Index  at  the  upper  12  or  at 
Noon ;  and  marking  with  Chalk  the  Latitude  on^ 

Mm2  '>4 


the  Meridian,  turn  the  Globe  about,  till  the  Hour 
Index  points  to  12  at  Nighr  •,  then  the  Place  under 
the  chalked  Mark,  will  be  that  of  the  Periceci . 

Keep  the  Globe  now  flayed,  and  count  the  fame 
Latitude  or  that  at  the  Chalk,  to  the  contrary 
Pole  •,  the  Place  under  that  Latitude,  will  be  that 
of  the  Antipodes. 

PROB.  VI. 

A  Plate  and  the  Hour  being  given  at  that  Place ;  t§ 
find  thofe  Places  of  the  Globe ,  where  it  is  then 
either  Foon ,  or  Midnight . 

Bring  the  Place  to  the  graduated  Side  of  the 
Brazen  Meridian  ;  fix  the  Hour  Index  to  the  given 
Hour,  and  turn  the  Globe  about  till  the  Index 
points  at  the  upper  12,  or  to  x 2  at  Noon :  Then 
all  thofe  Places  which  are  under  that  Semicircle 
of  the  Meridian  to  which  the  Index  points,  have 
the  Sun  in  their  Meridian,  or  have  their  Noon 
at  that  particular  Time  •,  and  thofe  who  are  under 
the  oppofite  Semicircle  of  the  Meridian,  have  then 
Midnight. 

»  ’  «.  „  .  t  r  9  r  *  •  *• 

PROB.  VII. 

A  Place,  and  the  Hour  at  that  Place  being  given ; 
to  find  what  Hour  it  then  is  at  any  other  given 
Place.  *  • 

Bring  the  firft  Place  to  the  graduated  Side  of 
the  Brazen  Mendian,  and  fet  the  Hour  Index  to 

the 
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*  T  ''  *  4 

the  given  Hour;  then  turn  the  Globe  till  the 
other  Place  comes  to  the  Meridian,  and  the  Index 
will  point  to  the  Hour  required. 

P  R  O  B.  VIII. 

Any  Place  being  given \  to  move  the  Globe ,  fo  as  that 

Place  may  be  in  the  Zenith ,  or  that  the  wooden 

»  > 

Horizon  fhall  he  an  Horizon  to  the  Jamey 

t  -  *•••  -*'••• 

Bring  the  given  Place  to  the  Brazen  Meridian  ; 
and  having  found  it’s  Latitude*  elevate  the  Pole, 
or  count  from  it  the  fame  towards  the  Equator,  and 
fix  that  Degree  to  the  Notch  of  the  wooden  Ho¬ 
rizon  ;  The  given  Place  will  then  be  in  the  Zenith, 
and  the  wooden  Horizon  will  be  an  Horizon 
to  it. 

.» .  '•  y  •  1  \  ~  y  •  :  V  ••  ,  ''  \f  *  *  ;  ■  i 

P  R  O  B.  IX. 

“  .  ^  .j.  >-  *  i  •  ■*  .  -  •  ■— 

■  ■  •••  f  ,  1 '  . ,  .  >  ‘  •••  t-  <  *  *' 

.  •  ■'  •  •  «  .  ■  a  -  •  j  *  ^  . . 

*lbe  Latitude  of  a  Place  being  given ,  to  find  the  Hour 
of  the  Bay  by  the  Globe  when  the  Sun  /bines, 

,  '  <  Jt„  c  *  S 

With  a  Mariners  Compafs,  fet  the  Brazen  Meri¬ 
dian  due  North  and  South,  which  is  done  by  cauf- 
ing  the  North  Part  of  the  Meridian  to  point  about 
19  Degrees  to  the  Eaft  of  the  Flower  de  Luce ; 
for  fo  much  now  the  Needle  varies  from  pointing 
truly  North  and  South. 

This  being  done,  and  Care  being  taken  to  have 
the  Globe  fet  on  a  due  Horizontal  Plane, 


In 
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In  the  Summer  half  Year,  or  from  the  20th  of 

A. 

March  to  the  23d  of  September ,  elevate  the  Pole 
to  the  Latitude. 

But  in  the  Winter  half  Year,  or  from  the  23d 
of  September  to  the  20th  Day  of  March ,  deprefs 
the  fame  foie  as  much  below  the  oppofite  Part 
of  the  Horizon ;  and  then  the  Shadow  of  the 
Axis  of  the  Globe  on  the  Hour  Circle,  will  fhew 
the  Hour  of  the  Day. 

prob,  x, 

'  <  _  v  ' 

-  ]  j  (  '  \  :  ‘  ‘  \  5  .  •  t  J  . 

'the  Month  and  Bay  being  given*  to  find  the  Sun’s 
Place  on  the  Ecliptic , 

1  •  »  t  }  :  >  w  V  ■  t  r  .  -  .  ’  •  .  '  ■  I 

■  (  t  *  r  r 

Upon  the  wooden  Horizon  find  the  Month  and 

f  *  ,is,  ... 

Day,  in  the  Julian  or  Gregorian  Kaiender,  as  Occa- 
fion  requires;  oppofite  to  which  in  the  inward 
Circle  you  have  the  Sign  and  Degree  of  the  Sun’s 
Place.  Then  find  that  Sign  and  Degree  on  the 
Ecliptic  •,  and  a  Mark  of  Chalk  being  there  made* 
or  a  very  fmall  Bit  of  Paper  being  wet  and  {luck 
thereon,  will  fhew  the  Place  of  the  Sun  for  the 
given  Time. 

^  ,  *  *  '  •  >  * 

*■  •  .  <  »  ‘  ■  '  •  i.  y  "  '  .'Jf  ''  p  ‘  •  "•  ■ 

PROB.  XI. 

;  •  •  •  , .  •  .t  7  t  ’  ,  !  ,  *  ; ;  .. 

To  find  how  one  Place  beareth  from  another. 

By  Prob  8.  Move  the  Globe  fo  as  that  one  Place 
may  be  in  the  Zenith :  Screw  the  Quadrant  of 
Altitude  on  the  Meridian  over  that  Place,  ancf 
flaying  the  Globe,  move  the  faid  Quadrant  till 
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it’s  graduated  Edge  be  brought  to  pafs  over  the 
other  Place,  then  that  Point  of  the  Compafs  on 
the  wooden  Horizon  which  is  oppofite  to  that 
Edge,  will  be  the  Point  that  the  fecond  place  bear* 
eth  from  the  firft. 

PROB,  XII. 

fhs  Day  of  the  Month  in  any  Place  whofe  Latitude 
is  lefs  than  664  Degrees ,  being  given, ,  to  find  the 
‘Lime  of  the  Sun's  rifing  and  fetiing ,  and  the  Length 
of  the  Day  and  Night . 

Elevate  the  Globe  to  the  given  Latitude  j  and 
having  found  the  Sun’s  Place  in  the  Ecliptic  for 
the  given  Day,  bring  it  to  the  Meridian,  and  fee 
the  Hour  Index  to  the  upper  12.  Then  bring  the 
Sun’s  Place  to  the  Eaft  Side  of  the  Horizon,  and 
the  Hour  Index  will  point  to  the  Time  the  Sun 
rifes  •,  and  if  it  be  brought  to  the  Weft  Side  of  the 
Horizon,  the  Index  will  point  to  the  Time  of  fett¬ 
ing. 

The  Sun’s  fetting  being  doubled,  will  give  the 
Length  of  the  Day  ;  and  the  Sun’s  rifing  being 
doubled,  will  give  the  Length  of  the  Night. 

Hence  it  is  eafy  to  find  the  Length  of  the  longed 
and  fhorteft  Day  in  any  Place,  whofe  Latitude  is 
lefs  than  664  Degrees.  For  if  in  the  firft  Cafe  a 
Mark  for  the  Sun  be  put  on  S'  Cancer ,  and  in  the 
fecond  on  y?  Capricornus ;  fince  in  thefe  Places  the 
Sun  is,  on  the  longeft  and  fhorteft  Days:  The  ril¬ 
ing  and  fetting  of  the  Sun,  may  be  eafily  had  as 

above 
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above,  as  well  as  the  Length  of  the  Day  and 
Night. 

PRO  B,  XIII. 

The  Day  and  Hour  at  any  place  being  given  to  find 
where  the  Sun  is  vertical ,  or  in  the  Zenith  at  that 
Hour . 

Bring  the  Sun*s  Place  to  the  Meridian,  over 
which,  mark  the  Degree  with  Chalk.  Then 
bring  the  given  Place  to  the  Meridian,  and  fet  the 
Index  to  the  aiven  Hour,  and  turn  the  Globe 
till  the  Index  points  to  i z  at  Noon:  The  Place 
which  is  then  under  the  chalked  Mark,  will  be 
that  to  which  the  Sun  will  be  then  in  the  Zenith. 

?  /  a  •-  ;*•  {  '■  {  '  '  '  /.  •/•••.  '•  •  -r.-H 

PR  OB,  XIV, 

A  Place  being  given  in  the  Torrid  Zone,  to  find  thofe 
two  Days  of  the  Tear ,  in  which  the  Sun  Jhall  be 
vertical  to  the  fame ,  at  iz  at  Noon . 

Bring  the  given  Place  to  the  Meridian,  and 
with  Chalk  mark  the  Degree  of  latitude  that  is 
above  it.  Move  the  Globe  till  two  Points  in  dif¬ 
ferent  Parts  of  the  Ecliptic  pafs  direftly  under  the 
Mark  •,  and  having  noted  thefe  Points,  and  found 
the  Sign  and  Degree  of  each  ;  then  upon  the  wood¬ 
en  Horizon,  find  the  Days  of  the  Month,  which 
are  oppofite  to  each  Sign  and  Degree  refpe&ively  j 
and  thofe  will  be  the  Days  required. 


PR  OB. 
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PROB,  XV. 

The  Day  and  Dour  being  given  to  find  all  thofe  Places 
of  the  Earth ,  where  the  Sun  is  rifiug,  lettings 
or  culminating ;  and  alfo  where  it  is  Day-light, 
Twilight,  or  Dark-night. 

By  Prob .  XIII.  Find  the  Place  where  the  Sun  is 
vertical  at  the  given  Hour ;  elevate  the  Globe  to 
the  Latitude  of  that  Place,  and  bring  it  to  the 
Meridian.  Then  all  Places  that  are  in  the  Weft 
Semicircle  of  the  Horizon,  have  the  Sun  rifingy 
thofe  in  the  Eaft  Semicircle  have  it  fetting  *,  thofe 
under  the  Meridian,  above  the  Hon-zun,  have 
it  culminating;  and  all  Places  above  the  Horizon 
have  the  Sun  fo  many  Degrees  above  the  Horizon 
as  the  Places  themfelves  are.  Thofe  Places  that 
are  below  the  Horizon,  but  within  18  Degrees  of 
it,  have  Twilight ;  and  thofe  lower  than  18  Degrees 
have  Dark-Night. 

PROB.  XVI. 

A  Place ,  Day  and  Hour  being  given ,  to  find  the  Sun's 

Height  at  that  Hour 

Elevate  the  Globe  to  the  Latitude  of  the  Place, 
ferew  the  Quadrant  to  faid  Latitude  on  the  Meri¬ 
dian,  bring  the  Sun’s  Place  on  the  Ecliptic  to  the 
Meridian,  and  fet  the  Index  of  the  Hour-Circle 
to  12  at  Noon  ;  then  turn  the  Globe  about  untill 
the  Index  points  to  the  given  Hour,  and  flaying 

N  n  it 
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it  there,  bring  the  Edge  of  the  Quadrant  to  the 
Sun,  and  it  will  point  out  it’s  Height  which  was 
required. 

y" 

PROB,  XVII. 

A  Place9  Day  of  the  Months  and  Sun’s  Height  being 
given ,  to  find  the  Hour  of  the  Bay . 

Elevate  the  Globe,  {crew  the  Quadrant  to  the 
Latitude,  bring  the  Sun’s  Place  to  the  Meridian, 
and  fet  the  Hour  Index  to  12  at  Noon  ;  then  move 
the  Globe  and  Quadrant  together,  fo  that  the  Sun’s 
Place  on  the  Ecliptic  may  correfpond  with  the 
given  Height  on  the  Quadrant  *,  the  Hour  then 
pointed  to  by  the  Index,  will  be  that  required. 

PROB.  XVIII, 

To  find  the  Time  when  the  Sun  begins  to  appear  above 
the  Horizon ,  and  when  it  begins  to  difappear ,  and 
alfo  the  Length  of  the  long  eft  Day  or  Night ,  in  any 
Place  within  the  Polar  Circles ,  or  whofe  Latitude 
is  more  than  664  Degrees. 

Subtract  the  Latitude  of  the  given  Place  from 
^o,  and  with  a  Chalk  mark  upon  the  Meridian 
the  remaining  Degrees  both  above  and  below  the 
Equator :  Then  move  the  Globe  till  two  Points 
of  the  Ecliptic  come  dire&ly  under  the  upper 
Chalk  Mark,  and  having  noted  thefe  Points,  and 
found  the  Sign  and  Degree  of  each  in  the  Order 
of  the  Signs,  find  the  Days  of  the  Month  corref- 

ponding 
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ponding  with  thofe  Places  of  the  Sun  upon  the 
wooden  Horizon  *,  thefird  of  thefe  will  be  the  Day 
the  Sun  begins  to  appear  above  the  Horizon,  and 
the  other  the  Day  it  begins  to  difappear,  and  con, 
fequently  the  Length  of  their  longed  Day  will  be 
the  Time  intercepted  between  the  fird  and  the 
lad  of  thefe  Days. 

The  Length  of  the  longed  Night  is  every  where 
equal  to  the  Length  of  the  longed  Day,  and  the 
Beginning  and  End  of  the  longed  Night  may  be 
found  in  the  fame  Manner  that  the  Beginning  and 
End  of  the  Day  was  by  ufing  the  lower  Chalk 
Mark  indead  of  the  upper. 

PROB.  XIX. 

A  Placey  and  the  Bay  of  the  Month  being  given ,  to 
find  the  Beginning ,  End>  and  Duration  of  'Twilight 9 
and  of  dark  Night . 

Elevate  the  Globe  to  the  given  Latitude,  and 
ferew  the  Quadrant  of  Altitude  to  that  Latitude  on 
the  Meridian,  bring  the  Sun’s  Place  to  the  Meridian, 
and  fet  the  Index  of  the  Hour  Circle  to  12  at 
Noon  }  then  bring  the  Point  which  is  oppofite  to 
the  Suns  Place  to  cut  1 8  Degrees  of  the  Quadrant 
on  the  Wedern  and  Eadern  Sides  of  the  Meridian, 
and  the  Index  will  (hew  when  the  Twilight  begins 
or  ends: 

The  Time  of  the  Beginning  of  Twilight  being 
taken  from  the  Time  of  the  Sun’s  rifing,  leaves 
the  Duration  of  Twilight,  and  the  Time  when 

N  n  2.  Twilight 
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Twilight  begins  being  doubled,  gives  the  Length 
of  dark  Night. 

PROB.  XX. 

f The  Dijlance  between  two  Places  lying  under  the  fame 
Meridian  being  given ,  as  alfo  their  refpeffiive  bear¬ 
ing  from  a  third  Place ,  to  find  thereby  that  Place 

with  ids  due  Difiance  from  the  other  two . 

- 

■  • 1  'i.  -  •  u, 

Mark  the  Latitudes  of  the  given  Places  on  the 
Meridian  with  Chalk,  and  keeping  them  under 
the  faid  Marks,  ejevate  the  Globe  to  the  Latitude 
of  the  upper  Mark,  and  fixing  the  Quadrant  of 
Altitude  on  faid  Mark,  move  it  to  that  Point  of 
the  Compafs,  upon  which  the  third  Place  bears 
from  it,  and  make  a  fmall  Track  with  Chalk  upon 
the  Globe  by  the  Edge  of  the  Quadrant,  Then 
elevate  the  Globe  to  the  Latitude  of  the  lower 
Mark,  and  fcrew  the  Quadrant  of  Altitude  to  that 
Latitude,  and  turn  the  faid  Quadrant  to  that  Point 
of  the  Compafs  upon  which  the  third  Place  bears 
From  it,  and  obferve  where  the  Quadrants  Edge 
interfeds  the  Trad  of  Chalk,  and  that  will  be  the 
third  Place  required. 

rnio!  ’’  .v;  . .  ■  ^ '  -■  . 
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Concerning  the 


Celeftial  GLOBE. 


H  E  Celeftial  Globe  is  fuppofed  to  com- 


M  prehend  the  Terreftrial  one  in  it’s  Center* 
If  we  imagine  the  Surface  of  the  Celeftial  Globe 
were  made  of  Glafs,  and  that  the  Stars  were 
drawn  upon  it,  then  a  Spectator  from  the  Ter- 
reftial  Globe  would  fee  the  Stars  form  in  a 
Concave  Surface,  juft  as  that  in-  the  Heavens, 
The  Circles  and  Points  which  are  peculiar  to  the 
Celeftial  Globe  are  thefe. 

1.  The  Zodiac  is  a  Hoop  or  Belt  round  the 
Heavens  of  about  t6  Degrees  broad,  through  the 
Middle  of  which  the  Ecliptic  or  the  Sun’s  annual 
Path  paftes. 

The  Signs  of  the  Zodiac  are  the  fixed  Stars,  which 
are  contained  in  this  Belt,  and  which  for  Diftidtion 
fake  are  thrown  into  12  Conftellations  or  Afterifms, 
and  are  called  Aries ,  Taurus ,  &c, 

2.  The  Meridians  which  pafs  through  Aries  and 
Libra ,  and  through  Cancer  and  Capricorn ,  form 
two  great  Circles  called  Colures  •,  the  firft  of  which 
is  called  the  Equinoctial  Colure>  and  the  other  the 
Solfticial  Colure. 

3  The  Points  Aries  and  Libra  are  called  the 

Equinoctial  Points ,  becaufe  when  the  Sun  is  in  either 

of  them,  the  Day  and  Night  is  every  where 
equal. 
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4.  1  he  Points  Cancer  and  Capricorn  are  called 
the  Soljlicial  Points ,  becaufe  when  the  Sun  is  in 
either  of  them,  he  feems  to  (land  ftill  for  feverai 
Days.  When  he  is  in  the  Solfticial  Point  Cancer 
he  then  makes  the  longed  Day,  and  when  in  the 
other,  the  fhorteft,  to  all  the  Inhabitants  of  the 
Northern  Hemifphere. 

5.  That  Point  in  the  Heavens  which  is  juft  over 
our  Plead  is  called  the  Zenith ,  and  the  Point  oppo- 
iite  to  it  is  called  the  Nadir ,  and  thefe  are  the 
Poles  of  thePIorizcn, 

Imaginary  Circles  palling  through  the  Zenith ,  and 

Nadir ,  and  cutting  the  Horizon  at  right  Angles, 
are  called  Vertical  or  Azimuth  Circles.  And  the 

Azimuth  of  the  Sun,  or  a  Star  is  an  Arch  of  the 
Florizon  intercepted  between  the  Meridian,  or 
South  Point  of  the  Heavens,  and  an  Azimuth 
Circle  palling  through  either  :  Sometimes  the  Azi¬ 
muth  is  reckoned  from  any  other  of  the  Cardinal 
Points. 

When  the  Azimuth  is  counted  from  the  Eaft  or 
Weft  to  the  Sun  or  a  Star  at  the  Time  of  its  ri¬ 
ling  or  fetting,  it  is  then  called  it’s  Amplitude. 

6 .  The  Meridian  Altitude  of  the  Sun,  is  it’s 
Pleight  above  the  Horizon  at  Noon,  and  when  he 
arrives  to  that  Height,  he  is  faid  to  Culminate . 

Almicantars ,  or  Parallels  of  Altitude ,  are  imaginary 
Circles  drawn  parallel  to  the  Horizon,  through 
every  Degree  of  the  vertical  Circles. 

7.  The  Poles  of  the  Ecliptic  are  two  Points  of 
the  Solfticial  Colure,  which  are  23-f  Degrees  from 
the  Poles  of  the  World, 
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8.  Great  Circles  palling  through  the  Poles  of 
the  Ecliptic  and  cutting  it  at  right  Angles,  are 
called  Circles  of  Longitude  •_  and  if  we  imagine 
other  Circles  to  be  drawn  parallel  to  the  Ecliptic 
through  every  Degree  of  the  Circles  of  Longi¬ 
tude,  thefe  will  be  'Parallels  of  Latitude  on  the 
Celeftial  Globe  ;  for  Longitude  and  Latitude  on 
the  Celeftial  Globe,  bear  juft  the  fame  Relation 

to  the  Ecliptic,  as  they  do  on  the  Terreftrial  Globe 
to  the  Equator.  Thus,  as  the  Longitude  of  Places 
on  the  Earth,  is  meafured  from  the  firft  Meridian 
upon  the  Equator ;  fo  the  Longitude  of  the 
Heavenly  Bodies  is  meafured  upon  the  Ecliptic 
from  the  firft  Circle  of  Longitude,  which  paffes 
through  Aries,  And  as  Latitude  on  the  Earth 
is  counted  from  the  Equator  upon  the  Meridian, 
fo  the  Latitude  of  the  Heavenly  Bodies  is  meafur¬ 
ed  by  Degrees  upon  a  Circle  of  Longitude  count¬ 
ing  either  North  or  South  from  the  Ecliptic. 

9.  The  Diftance  of  any  Heavenly  Body  from 
the  Equinoctial  meafured  upon  the  Meridian,  is 
called  it’s  Declination-,  therefore  all  Parallels  of 
Declination  on  the  Celeftial  Globe  are  the  very 
fame  as  Parallels  of  Latitude  on  the  Terreftrial. 
What  is  called  Longitude  on  the  Terreftrial  Globe, 
is  called  Right  Afcenfion  on  the  Celeftial.  m.  The 
Sun  or  a  Star’s  Diftance  from  the  firft  Meridian, 
or  that  palling  through  Aries  counted  upon  the 

Equinoctial. 

Oblique  Afcenfion  and  Defcenfion  is  the  01  fiance 
of  that  Point  of  the  Equinoctial  from  the  firft  of 
Aries,  which  in  an  oblique  Sphere  rifes  or  lets  at 
the  fame  Time  that  the  Sun  or  Star  riles  or  lets. 

Afcenfioml 
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Afoenfional  Difference  is  the  Difference  between 
right  and  oblique  Afcenfion  and  this  turned  into 
Time,  by  allowing  fifteen  Degrees  for  every  Hour 
will  fhew  how  much  the  Heavenly  Body  rifes 
before  or  after  fix  o’clock. 

The  vifible  Hemifphere  of  Stars,  is  continually 
changing  in  a  right  or  oblique  Sphere,  by  Reafon 
of  the  Suns  apparent  Motion  round  the  Ecliptic 
in  a  Yean 

When  the  Sun  gets  fo  near  a  Star  as  to  hide  it  in 
his  Beams,  it  is  faid  to  fet  Heliacally,  and  when  after 
it’s  Conjunction  with  the  Sun,  it  becomes  again 
vifible,  it  is  faid  to  rife  Heliacally . 

A  Star  that  rifes  or  fets  when  the  Sun  rifes  or 
fets,  is  faid  to  rife  or  fet  Cofinically. 

A  Star  that  rifes  or  fets  in  the  Evening  when 
the  Sun  fets,  is  faid  to  rife  or  fet  Achronically. 

Of  the  Divipons  of  the  Heavens  >  and  the 

Conftellations. 

Atlronomers  have  divided  the  Stars  into  fix  Claf- 
es  or  Magnitudes,  and  the  Stars  of  each  Magni¬ 
tude  are  diftinguiflied  by  different  Marks  on  the 
Celeftial  Globe. 

They  have  alfo  diftinguiflied  the  Stars  into  fever- 
al  Conftellations  or  Afierifrns ,  to  which  they  have 
given  Names ;  Some  have  the  Names  of  Men, 
and  others  the  Names  of  Beafts,  Birds,  and  feveral 
other  Things.  The  Images  of  thofe  Animals  and 
other  Things,  from  whence  the  Names  of  the 
Conftellations  are  taken,  are  drawn  upon  the  Ce- 

leftial 


Experimental  Philosophy.  z2i 

Jeftial  Globe  over  the  feveral  Parcels  of  Stars  which 
are  called  by  thofe  refpe&ive  Names. 

The  Conftdlations  are  divided  into  Northern 
and  Southern ,  befides  the  twelve  Signs  of  the  Zo¬ 
diac  which  lie  in  the  Middle  between  them. 

The  Ancients  formed  the  Northern  Regions  into 
twenty  one  Confellations  viz.  Urfa  Minor  or  the 
little  Bear;  Urfa  Major,  the  great  Bear*,  Draco , 
the  Dragon  *,  Cepheus  -,  Cajjiopeia  ;  Andromeda  ; 
Triangulum,  the  Triangle  ;  Per  feus,  with  Mean  fa  s 
Head  ;  Auriga  ;  Bootes  ;  Corona  Septentricnalis,  the 
Northern  Crown  *,  Hercules  ;  Lyra,  the  Harp  *, 
Cygnus ,  the  Swan;  Pegafus  the  flying'  Ho-rfes 
Equiculns  the  littleHorfe’s  Head  \Dilphims  the  Dol- 
phini  ;  Sagitta,  the  Arrow;  Aquila,  the  Eagle  or 
Vuitur  ;  Serpens ,  the  Serpent ;  and  Serpentarius ? 
the  Man  who  holds  it. 

To  thefe  the  Moderns  have  added  Antonins 
near  the  Eagle  ;  Coma  Berenices,  or  Berenice’s  Hair, 
near  the  Lion’s  Tail  ;  Leo  Minor,  the  little  Liom 

Tf 

between  the  great  Bear  and  the  Lion,  feV. 

The  Ancients  formed  the  Southern  Regions  into 
15  Conflellations,  viz.  Cetus,  the  Whale;  the  'Ri¬ 
ver  Eridanus  ;  Lepus ,  the  Hare  ;  Orion ,  the  mo  ft 
glorious  Conftelhuion  of  all ;  Canis  major ,  the  great 
Dog  ;  Canicula,  the  little  Dog  :  Argo  Navis ,  the 
Ship  Argo;  Hydra,  the  Water  Serpent;  Crater ,  the 
Cup  ;  Corvus  the  Crow;  Centaurus,  ‘the  Centaur  » 
Lupus,  the  Wolf;  Corona  Aujlralis,  the  Southern 

Crown  ;  Ara,  the  Altar ;  and  Pifcis  Aujlralis ,  the 
Southern  Fifh. 

To  thefe  the  Moderns  have  added  twelve  Com 
Reflations  more,  which  lie  fo  near  the  South  Pole 
that  they  cannot  be  feen  by  us, 

Q  0 
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The  odd  Stars,  which  are  fcattered  here  and  there 
between  the  Conftellations,  are  called  unformed 
Stars. 

Some  remarkable  Parcels  of  Stars  have  obtained 
Names  befides  thofe  given  to  the  Conftellations 
which  contain  them,  as  the  Pleiades  or  feven  Stars 
in  the  Confteliation  Taurus  ;  Charles's  Wain  ox  Wag* 
£0/*confifts  of  feven  large  bright  Stars  in  the  hinder 
part  of  the  great  hear :  The  three  in  the  Tail 
are  fuppofed  to  reprefent  the  Horfes  and  the  other 
four  the  Wain.  The  two  hindermoft  Stars  in  the 
Wain  are  called  the  Pointers ,  becaufc  they  point 
to  the  North  Star,  which  is  in  the  Tip  of  the  Tail 
of  the  little  Bear,  that  is,  a  Line  drawn  through 
the  Pointers  if  continued,  will  nearly  touch  the 
Pole  Star.  Several  fingle  Stars  of  the  firft  or 
fecond  Magnitude  have  Names  given  them  ;  as 
Sirius ,  in  the  great  Dog ;  Aldebaran ,  or  the  Bull’s 
Eye  \  Procyon,  in  the  little  Dog ;  Arcturusy  in 
Bootes  ;  Regel,  in  Orion  *,  the  Lion's  Heart ;  and  De- 
neb,  in  his  Tail ;  Sfica  Virginis,  or  the  Ear  of 
Corn  in  the  Virgin's  Hand  \  Caftor  and  Pollux,  in 
the  Confteliation  Gemini ;  and  many  others. 

The  Galaxy ,  Via  Lattea  or  milky  Way,  is  a 
broad  irregular  whitifh  Traft  infome  Places  double 
but  for  the  mod  Fart  fingle,  furrounding  the  whole 
Heavens.  It's  bright  Appearance  is  owing  to  an 
innumerable  Multitude  of  Stars,  which  lie  quite 
through  it,  whofe  united  Rays  of  Light  occafion 
the  fhining  Whitenefs.  The  modern  Aftrono. 
mers  fince  the  Invention  of  Telefcopes,  have  dif- 
covered  an  innumerable  Multitude  of  Stars,  in 
thofe  Parts  which  appear. only  white  to  the  naked 
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Eye  ;  and  to  the  fame  Caufe  may  be  aferibed  other 
bright  Spots,  which  lie  here  and  there  in  the  Heav¬ 
ens,  as  the  Prtfepc  .or  Afles  and  Manger  in  the 
Conftcllation  Cancer . 

A  Connexion  between  the  feveral  Parcels  of 
Stars,  which  form  the  Confteilations,  and  the  Fi¬ 
gures  after  which  they  are  named,  can  hardly  be 
difeovered  in  the  Confteilations  themfelves,  except 
in  a  very  few  of  them,  as  Cbarlet  s  l Vain  may  be 
fuppofed  to  refembje  a  Waggon  and  three  Borfes ; 
but  a  very  ftrong  Imagination  would  find  it  diffi¬ 
cult  to  difeover  any  fuch  natural  Refemblance 
between  the  Bulk  of  the  Confteilations,  and  the 
Figures  they  are  named  by. 

The  Author  of  Spectacle  de  la  Nature  Vol.  I* 
conceives  it  probable  that  the  Confteilations  in  the 
Zodiac,  were  formed  and  named  by  the  Egyptians , 
who  dealt  in  Hieroglyphics  or  myftic  Figures  by 
which  they  exprefted  the  Do&rincs  and  Secrets 
of  their  Religion,  PhiJofophy  and  Politics.  Thus, 
a  Lion  was  the  Hieroglyphic  of  Strength  and  For¬ 
titude  j  a  Horfe  of  Liberty,  a  Circle  of  Eternity, 
&c.  now  this  Author  imagines  that  the  12  Signs 
of  the  Zodiac  were  fuch  Egyptian  Hieroglyphics, 
by  which  they  defigned  to  exprefs  or  rep  re  lent 
fome  remarkable  natural  Occurrence  in  each  Month 
of  the  Year,  as  the  Sun  was  palling  through  the 
refpe£tive  Confteilations, 

The  firft  three  Months,  beginning  from  the  vernal 
Equinox  were  remarkable  for  the  Produ&ion  of 
thofe  Animals,  which  they  moft  ufed  awd  valued^ 
yiz.  Sheep ,  Kine  and  Goats.  The  Lamfo  which 
come  firft  are  reprefented  by  their  Parent  the  JR.am ; 
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the  Calves  which  come  next  ate  reprefented  by 
the  Bull  \  and  then  the  Kids,  which  commonly  come 
in  Pairs,  therefore  gave  a  Name  to  the  third  Con- 
fiellation.  Butinftead  of  the  twin  Kids,  t he  Greeks 
have  fubftituted  the  twin  Brothers  Caflor  and  Pollux . 

In  the  fourth  Month,  the  Sun  having  arrived 
at  the  Summer  Solftice,  difcontinues  his  Progrefs 
towards  the  North,  begins  now  to  go  back  again 
to  the  South,  this  retrograde  Motion  the  Egyptians 
exp  relied  by  the  Crab,  which  is  laid  to  go  back¬ 
ward. 

The  ex ce live  Heat  that  ufualiy  attends  the  fifth 
Month  is  expreiled  by  the  Lion,  an  Animal  re¬ 
markable  for  his  Strength  and  Fiercenefs. 

The  fix  eh  or  the  Harvelt  Morith  is  reprefented 
by  the  Virgin  Reaper ,  or  Gleanor  with  an  Ear  of 
Com  in  her  Hand. 

The  feventh  Month,  their  Sun  arrives  at  the  au¬ 
tumnal  Equinox,  when  the  Days  and  Nights  are 
every  where  equal,  and  is  therefore  expreiled  by 
the  Ballance,  or  Scales  in  Equilibrio. 

OUober  is  reprefented  by  the  Scorpion ,  with  a 
Sting  in  his  Tail,  becaufeitis  often  a  fickly  Seafon, 
oecafioned  by  the  Surfeits  got  in  the  hot  Summer 
Months. 

November  being  the  hufiting  Seafon,  is  reprefent¬ 
ed  by  the  Sagittary  or  Archer . 

As  the  Crab  reprefents  the  backward  Motion  of 
the  Sun  after  the  Summer  Solftice,  fo  in  December t 
the  Goat  which  delights  to  browfe  up  Hill,  repre¬ 
fents  the  Winter  Solftice,  becaule  after  it,  the 
Sun  begins  then  to  afeend  6r  fo  ftretch  to  the 
Northward, 


January 


Experimental  Philosophy.  zt$ 

January  is  reprefented  by  Aquarius  or  the  Wa¬ 
ter  er^  fignifying  the  Rains  and  Snows  of  the 
Winter  Seafons;  and  February  is  reprefented  by  the 
two  Fijhes  in  a  Band>  becaufe  this  is  the  prime  bill¬ 
ing  Seafon  in  the  Year. 

As  for  the  reft  of  the  Conftellations  which  are 
out  of  the  Zodiac,  the  Bulk  of  them  were  formed 
by  the  Grecians ,  who  imitated  the  Egyptians  in 
giving  the  Names  of  Men,  Animals  and  other 
Things,  to  Parcels  of  Stars;  but  without  any  fuch 
particular  Rcafons  as  the  Egyptians  had,  for  nam¬ 
ing  the  12  Signs  of  the  Zodiac. 
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PROBLEM  I. 

•--&[*!  sA  \(i5kmh,A  -  :■?  ;■..  . 

SFi  find  the  right  /fcenfion  and  Declination  of  any 

^;V-  Star . 

;?d'i  I©  ksbsii  itfb  ■■.#;■&.  1 

yj  RING  the  Star  to  the  graduated  Edge  of 
JD  the  Brazen  Meridian,  and  the  Degree  over  it 
will  be  it’s  Declination  ;  then  obferve  the  Degree 
of  the  Equino&ial  that  is  at  the  fame  Time  under 
the  graduated  Edge  of  the  Meridian,  and  that 
will  be  its  right  Afcenfion. 

snbiaS  brra  ^Ai,:4  *  >v  ■ 

P  R  O  B.  II. 

. 

T o  find  the  Latitude  and  Longitude  of  any  Star . 

A.  .  •  .  'V 

Bring  the  Pole  of  the  Ecliptic  to  the  graduated 
Edge  of  the  Meridian,  over  which  fcrew  the  Qua¬ 
drant  of  Altitude  and  elevate  the  Globe  to  66l  De- 

4  ,  \  ■*  :  's  \  3  v-v  •  5  x‘-  -A 

grees  or  to  the  Diftance  of  the  Polar  Circles  from 
the  Equator,  and  then  the  Ecliptic  will  coincide 
with  the  Horizon;  Stay  the  Globe  in  this  Pofition 
and  turn  the  Edge  of  the  Quadrant  of  Altitude 
to  the  Star;  then  the  Degree  on  the  Quadrant 
which  meets  the  Star,  will  be  it’s  Latitude,  and 

the 
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the  Degree  on  the  Ecliptic  which  is  cut  by  the  Edge 
of  the  Quadrant  is  the  Degree  of  it’s  Longitude. 

P  R  O  B.  III. 

\ 

\  s#  ^  v 

7o  find  the  rifing  and  fitting  of  any  Star  for  any  given 

7  ime  and  Place . 

Elevate  the  Globe  to  the  Latitude  of  the  Place* 
find  the  Sun’s  Piace  for  the  given  Day  on  the  E- 
cliptic,  and  bring  it  to  the  graduated  Edge  of  the 
Brazen  Meridian,  and  put  the  Index  of  the  Hour 
Circle  to  12  at  Noon:  Then  bring  the  Star  to  the 
Eafl  Part  of  the  Horizon  and  the  Index  will  fhew 
the  Time  of  it’s  Rifing  and  it  will  tell  the  Set- 
ting,  if  the  Star  be  brought  to  the  Weft  Part  of 
the  Horizon. 

N.  B.  In  like  Manner  the  Rifing  and  Setting  of 
any  Planet  may  be  found,  by  putting  a  fmall  Bit  of 
Paper  to  reprafent  it’s  Place  in  the  Ecliptic,  which 
may  be  known  at  any  Time  by  an  Epbemeris. 

PROB.  IV. 

How  to  difinguijh  one  Star  from  another ,  and  to 
know  the  Situation  of  the  Heavens  for  any  given 

Time, 

Elevate  the  Globe  to  the  Latitude  of  the  Place 
you  are  in,  and  having  marked  the  Sun,  Moon, 
and  Planets  on  fmall  Bits  of  Paper,  ftick  them  in 
their  refpe&ivc  Places  on  the  Ecliptic  *,  bring  the 
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Sun  to  the  Meridian  and  fct  the  Index  of  the  Hour 
Circle  to  iz  at  Noon,  and  fet  the  Meridian  of  the 
Globe  due  North  and  South  by  the  Compafs. 

Then  turn  the  Globe  till  the  Index  Points  to  the 
Hour  of  the  Night,  at  which  you  make  your  Ob- 
fervation,  and  every  Star  and  Planet,  which  is 
then  above  the  Horizon,  will  coincide  with  it’s 
Original  in  the  Heavens  :  For  if  Lines  drawn 
from  the  Center  of  the  Globe  to  every  Star  on  it’s 
Surface,  were  continued  to  the  Heavens,  each  would 
pafs  through  it’s  Original;  or  if  the  Globe  were 
tranfparent,  and  the  Obferver’s  Eye  in  it’s  Center, 
every  Star  on  the  Globe  would  cover  it’s  real  Star 
in  the  Heavens.  So  that  by  learning  the  Names 
given  them  on  the  Globe,  you  may  by  Degrees 
become  fo  well  acquainted  with  the  Heavens,  as 
to  be  able  to  tell  at  any  Time,  what  Stars  they  are 
that  lie  here  or  there. 

P  R  O  B.  V. 

The  Place  and  Day  being  given ,  to  find  the  Sun  or 
Stars  Eaftern  or  Weftern  Amplitude ,  oblique  Afcen- 
fion  and  Defcenfion ,  aficenfional  Difference ,  and  Se- 
midiurnal  Arch. 


Elevate  for  the  Latitude,  and  bring,  the  Sun’s 
Place  or  the  Star  to  the  Eaft  or  Weft  Part  of  the 
Horizon  ;  then  the  Arch  between  it,  and  the  Eaft 
or  Weft  Point  of  the  Horizon  fhews  it’s  k  after  n  and 
Weftern  Amplitude.  The  Degree  of  the  Equi¬ 
noctial,  where  it  cuts  the  Horizon  Tews  the  oblique 
Afcen/ion  or  Defcenfion  ;  and  the  Difference  between 
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the  right  and  oblique  Afcenfion  for  if  it  be  of 
the  Sun,  the  Difference  between  the  Hour  which  the 
Index  points  to, and  Six )  is  the  afcenfionalDifference, 
which  being  converted  into  Time,  and  added  to 
Six,  when  the  Sun  or  Star  declines  towards  the 
elevated  Pole,  i.  e.  in  Northern  Latitude,  when 
it  is  North  Declination,  or  fubtra&ed  from  Six 
when  it  declines  towards  the  depreffed  Pole,  gives 
half  the  Time  of  its  Stay  above  the  Horizon  *, 
which  when  we  fpeak  of  the  Sun,  is  called  the 
femidiurnal  Arch .  The  Conpliment  of  the  femi- 
diurnal  Arch  to  12,  gives  the  femino  diurnal  Arch  or 
half  the  Time  of  it's  Stay  below  the  Horizon.  The 
Sun’s  femidiurnal  Arch  computed  from  Noon, 
gives  the  Time  of  it’s  jetting,  and  his  feminoc- 
turnal  Arch  computed  from  Midnight,  gives  the 
Time  of  his  rifing. 

P  Pv  O  B.  VI, 

<Ihe  Latitude  and  Sun  s  Place  being  known ,  and  if 
either  the  flour  of  the  Day ,  or  the  Altitude ,  or 
Azimuth  of  the  Dun  or  Star  be  given ,  to  find  the 
other  two. 

Elevate  for  the  Latitude,  bring;  the  Sun’s  Place 
to  the  Meridian,  fix  the  Index  of  the  Hour  Circle 
to  12  at  Noon,  and  ferew  the  Quadrant  of  Alti¬ 
tude  to  the  Latitude  *,  then, 

iff.  If  the  Hour  be  given,  turn  the  Globe  till 
the  Index  points  to  it,  and  bring  the  Quadrant  of 
Altitude  to  the  Place  of  the  Sun  or  Starj  then 
Will  its  graduated  Edge  fhew  the  Degree  of  Aiti- 
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tude,  and  the  Degree  of  the  Horizon  where  the 
Quadrant  cuts  it,  (hews  the  Sun’s  Azimuth  or 

Bearing, 

2d.  If  the  Altitude  be  given,  bring  the  Sun  or 
Stars  Place  to  meet  with  the  Quadrant  at  the  given 
Altitude,  then  the  Index  will  Point  to  the  Hour, 
and  the  Interfe<Rion  of  the  Quadrant  and  Horizon 
will  fhew  the  Azimuth. 

3.  If  the  Azimuth  be  given,  bring  the  Quadrant 
to  interfeft  the  Horizon  at  the  given  Azimuth ; 
then  by  turning  the  Globe,  bring  the  Sun’s  Place 
or  Star  to  the  graduated  Edge  of  the  Quadrant* 
and  the  Degree  of  the  Quadrant  where  they  meet 
fhews  the  Altitude,  and  the  Index  points  tq  the 
Ho  11  r. 

Hence  if  the  Altitude  and  Azimuth  of  any  Star 
be  found  by  Obfervation,  it  will  be  eafy  to  find 
that  Star  on  the  Globe  ♦,  and  by  taking  the  Altitude 
and  Azimuth  of  any  Star  on  the  Globe  at  a  given 
Hour,  the  Star  may  be  found  in  the  Heavens, 

P  R  O  B.  VII, 

The  Latitude  of  a  Place  being  giv  en,  to  find  the  Co f 
mica!  fifing  and  jetting  of  any  given  Star, 

For  the  Riling, 

Elevate  for  the  Latitude,  and  bring  the  Star  to 
the  Eafuern  Part  of  the  Horizon:  See  what  Degree 
of  the  Ecliptic  is  then  riling,  and  anfwering  to 
that  Degree  in  the  Kalendar  on  the  Horizon,  you 
will  find  ti  c  Day  required, 
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For  the  Setting. 

y 

Elevate  as  before,  bring  the  given  Star  to  the 
Weftern  Part  of  the  Horizon,  then  obferve  what 
Degree  of  the  Ecliptic  is  rifing  to  the  Eaft,  and  over 
againft  it  as  before,  the  Day  may  be  found.  Thus9 
Latitude  53^N  Sirius  rifes  CofmicaJly  ;  the  13th  of 
Auguft ,  and  fets  Cofmically  the  12th  of  November. 

PROB.  VIII. 

fhe  Latitude  of  a  Place  being  given  to  find  the  Ar chro¬ 
nical  Rifing  or  Setting  of  any  Star. 

For  the  Rifing 

Elevate  for  the  Latitude,  bring  the  given  Star 
to  the  Eaflern  Part  of  the  Horizon  •,  then  fee  what 
Degree  of  the  Ecliptic  is  cut  by  the  Weftcrn  Part 
of  the  Horizon,  the  Day  anlwering  to  that  Degree 
will  be  the  Day  required. 

For  the  Setting. 

Elevate  as  before,  bring  the  Star  to  the  Weftern 
Part  of  the  Horizon,  and  fee  what  Degree  of  the 
Ecliptic  is  then  fetting,  and  oppofite  to  it  in  the 
Kalendar,  you  will  have  the  Day  required.  Thus^ 
Sirius  rifes  Achronically  the  9th  of  February y 
and  fets  the  ixth  of  May. 


PROB, 
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P  R  O  B.  IX. 


*9fe  Day  of  the  Month  being  given ,  to  find  when  any 
Star  will  come  to  the  Meridian. 


Elevate  for  the  Latitude,  bring  the  Sun’s  Place 
to  the  Meridian,  and  put  the  Hour  Index  to  12  at 
Noon,  then  turn  the  Globe  till  the  given  Star 
come  to  the  Meridian,  and  the  Index  will  point  to 
the  Time  required. 


PROB,  X. 


To  find  when  a  given  Star  will  come  to  the  Meridian 
at  any  given  Hour  of  the  Night. 

Bring  the  given  Scar  to  the  Meridian,  fet  the 
Index  at  12  at  Noon,  then  turn  the  Globe  Eaftward 
till  the  Index  points  to  an  Hour,  that  is  far  before 
12  in  the  Forenoon,  as  .the  given  Hour  is  after  12 
In  the  Afternoon;  obferve  the  Degree  of  the  Eclip¬ 
tic  then  at  the  Meridian,  overagainU  which  in  the 
Kalendar  is  the  Day  of  the  Month  when  the  given 
Star  will  be  upon  the  Meridian  at  the  given 
Hour. 

Many  more  Problems  might  be  inferred  upon 
this  Head,  but  thefe  will  be  found  to  be  fo  far 
fufficient,  that  if  a  Perfon  is  Mafter  of  them,  he 
will  readily  be  able  to  work  any  he  may  meet 
with  in  other  Authors. 
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